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In the following pages I have attempted to set down 
briefly the principal facts of Geology and the conclu- 
sions which have been drawn from them, to indicate 
the nature of the earth's crust, the processes which 
have acted, and still are acting, upon it, and the pro- 
bable history of that little portion of it on which we 
live. I was requested before commencing my task to 
avoid the use of long wordf and the discussion of 
doubtful points, and have done my best to attend to 
this request. It is, however, impossible to comply with 
it entirely. Technical terms are sometimes inevitable ; 
and to refrain from them wholly would often lead to 
inaccurate or confusing phrases. Again, by the dis- 
cussion of some doubtful points, the student is more 
than by anything else encouraged to use his own eyes 
and think for himself. 

Thus, at the risk of being rather tedious, I have 
gone at some length into the nature of the materials of 
which the earth's crust is formed; because I believe 
that without accurate elementary knowledge on this 
point, very little real progress can be made, even in the 
study of such common things as clay and limestone. 
I have laid much stress upon the various agencies 
which alter the surface of the globe — as heat, frost, 
rain, rivers, and the like — ^because the action of many 
of these can be observed by every student ; but I have 
only sketched in general terms the life-history of the 
past, the various ** periods " into which the geological 
record is divided, because, without some knowledge of 
zoology, without a museum of specvccifcii^^ «jsA ^ ^ws^.- 
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peient teacher to describe them, the student can, I fear, 
make but little real progress. 

I have tried to use simple language, such as, I hope, 
will be intelligible to any fairly educated boy or girl of 
fifteen ; but I have not shrunk from sugg6sti];ig ideas 
which may not be simple, which may require some 
thought before they can be fully grasped: because I 
believe that these are the most fertile seeds to sow in the 
mind of an intelligent student. The great aim of the 
Natural Sciences is to teach students to observe and 
think for themselves ; when this result is not produced, 
they are mere ** cram," and do more harm than good. 
If I can succeed in doing this, and lead people to look 
more closely at the wonderM world around them, this 
little book will more than repay me for the pains which 
I have spent upon it, and prove a useful introduction to 
the larger works on Geology which I have in the ap- 
pendix recommended to the advanced student.* 

As so many of the leading facts of Geology are 
common to almost every text-book, I have not generally 
thought it necessary to indicate the sources from which 
those hereafter quoted are derived ; but may say, once 
for aU, that, while I have verified most of the state- 
ments from the well-known works of Sir Charles Lyell 
and the late Professor Jukes, I have avoided consulung 
any text-books or manuals of a Very elementaiy cha- 
racter ; indeed, I believe I have only read one such at 
any time, and that was years ago. Most of the book is 
written from my own lecture-notes ; and one portion of 
it was in substance delivered as a course of lectures to 
a mixed audience in an English country town. 



* SeeNotoI. 
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CHAPTER I. 

Has the earth a history beyond that which we can 
learn from written records ? These, even the oldest of 
them, only tell us — and that most imperfectly — of a 
very few thousand years. Is that all the story ? Were 
Scotland, Cumberland, Wales, always hilly ? When the 
dry land first appeared, could one, as now, have looked 
from the Malvern ridge to the Cotteswold bluffs over the 
broad meadows in the Severn valley? or did the tide 
always ebb and flow where now staiids London Bridge ? 
Was there always slate at Llanberis ? coal in Stafford- 
shire ? chalk in Norfolk ? What is the meaning of the 
curious forms which are so often found in rocks- — ^thjB 
screwstones, birds* beaks, cockles, of the quanTmen— »• 
some so exactly like plants or sea-shells, or bones and 
teeth of animals ? are they only accidental resemblances, 
mere freaks of Nature, or did they form parts of living 
things? 

l^ese are a few of the questions Geology has to 
answer. The task is not unlike that of writing the 
history of a forgotten nation from fragmentary inscrip- 
tions in an unknown character and language, and it has 
to be done in somewhat the same way. The rocks are 
graven over with strange markings more thickly than 
the sandbtone cliffs in Mokatteb ; tiiese must have some 
meaning — ^how ^hall we find it out ? Very briefly it 
has been done in the following way. These markings 
of various kinds have been examined ; it has been found 
possible to classify them. They ho^ei \iicti\v^<sa. ^^-ov 
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pared with those, the cause and meaning of which can 
still he learnt from ohservation. If such and such a 
mark is now found where water is running or ice sliding, 
and nowhere else, then, even where there is now no 
water or ice, the geologist on seeing such a mark declares 
here has been water, or here has been ice. Thus also 
with regard to the forms resembling plants, shells, 
bones, &c. : these have been compared with the living 
things that they are most like ; and when in the stone 
you find preserved a perfect copy of even the delicate 
parts of the living structure, you are convinced that 
.this can be no chance resemblance : though now a 
stone, it must once have been a part of a plant or 
animal. So, by degrees, it is possible to pass from 
things which are very like living creatures, and very 
perfectly preserved, to those which do but slightly re- 
semble them and have been much injured. Proceeding 
in this way, step by step, truth has sometimes proved 
stranger than fiction, when the geologist has unearthed 
and built up strange beasts, more monstrous than the 
dragons of our nursery tales. 

fVom what has been said, you will perhaps have 
already seen that there are two rather different ques- 
tions which geologists wish to answer, namely (1) How 
was the earth shaped?* and (2) With what was it 
peopled ? The former concerns the history of the earth 
itself ; the latter, of its inhabitants. To a considerable 
extent they may be separated, just as might the history 
of the buildings and of the people of a great city. 

You see then that Geology must be helped by all the 
Bo-called Natural Sciences. We must go to the Botanist 
to tell us about plants, to the Zoologist to learn about 
animals, to the students of Chemistry, Mineralogy, and 
Physics for information from their sciences ; in fact. 
Geology is not so much a science in itself, as the appli- 

* To some extent connected vdth this is a third, How were the 
rocks first made? What was the primeval earth before life ap- 
peared upon it ? Most important questions, but too difficult to be 
more than touched upon in so elementary a book as this. 
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eation of all the Natural Sciences to answering this 
question — What is the earth's history ? 

Perhaps this may he enough to show you that the 
study is not likely to he a dull one. It is difficult, it 
requires patience, it is one where we must he content 
often to say, I do not know ; wherein the longest life's 
work will only show us how little we have learnt ; hut 
then it is one which is always teaching us more and 
more about this wonderful world in which we live, 
which, beyond all others, will show us how to find 
** hooks in the running brooks, sermons in stones, and 
good in everything." 

Of what, then, is this great globe made which we 
call the earth ? Let us touch on this our hardest ques- 
tion first. The earth is a ball or sphere, nearly eight 
thousand miles in diameter. ""^ Of all this mass, we can 
examine a very small part : the highest mountains are 
barely ^ve miles above, the deepest mines not one below, 
the sea level ; that is, we can see about as much of the 
earth's interior as of a cricket ball's stuffing through 
a few pin scratches on the leather ; we are therefore 
chiefly concerned with the outer covering, and we shall 
find Uiis more than enough. As for that which is under 
our feet, but cannot be seen, the following is a brief 
sketch of what the kindred sciences of astronomy and 
physics can tell us. The whole earth is about 5^ times 
as heavy as water ; while most of the rocks that we 
can handle are rather less than three times as heavy, 
so that the earth must in some way or other become 
heavier towards the centre. Again, it is always found 
that the deeper we can pierce into the earth, the hotter 
it gets ;t ^e thermometer rising about one degree 
Fahrenheit for every fifty-one feet that we descend. 

* It is really a sUghtlv flattened ball, the polar diameter being 
7,899*6 miles, the equatorial 7,925 miles. 

f The rate at which the temperature rises varies considerably in 
different places. As slow an increase as 1^ for every 208 feet, and 
as rapid as 1* for every 87 feet (Lyell's "Principles," ch. xz:dL) has 
been observed. The amount in the text is considered the mfiffiK.'<^t^« 
babie average. 
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If this increase went on, a descent of a few miles 
would give us a heat that would melt every known 
metal.. Is then the earth a great molten ball, enclosed 
in a thin sheU of solid matter ? Most probably not ; 
perhaps no part is actually in a molten state ; at any 
rate it is thought by the best judges that the solid shell 
is at least from eight hundred to a thousand miles thick. 
The reasons for this are far too difficult to be explained 
at present. One only can be given, which will show 
that it does not follow that the heat which will melt a 
rock on the earth's surface will do the same when it is 
far below that surface. Most substances tliat we know 
require more room when melted than when solid. If 
they cannot get that room, they cannot melt, make 
them as hot as you will. It may be then that the sub- 
stances inside the earth are packed too tightly to allow 
them to melt ; and thus it is possible that though a few 
miles descent might bring us to a region hotter than any 
blast furnace, the earth is solid to its core. It is, how- 
ever, thought most probable that the earth was once a 
molten mass, which has cooled in its passage through 
space as a leaden shot does in falling from the tower. 
It is not yet cold, probably is still cooling, though for 
ages past — ^possibly for all the time of which the records 
as yet deciphered have informed us, that cooling has 
been as nearly as possible imperceptible. 

Does then Geology give us any account of those times 
when a stony scum first formed upon the molten sea ? 
It once was said confidently, some perhaps would still 
say, yes : but most geologists will now tell you that our 
records do not go back far enough, that when they take 
up the tale, long ago as that time must have been, there 
was no more a smoking earth or a steaming ocean — 
rain fell, and rivers ran ; herbage may have existed on 
the land, and living creatures in the water; seasons, 
climate, in a word, all things may have been not so 
very greatly different from what they now are. 

Thus much for the present : further on we shall have 
to refer again to this subject. Wc must now turn to 
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jiinother question. Of what are made those parts of the 
earth which we can handle ? This cannot be properly 
answered without some knowledge of chemistry, and 
evdry one who wishes seriously to study Geology, must 
acquire some knowledge of this science. It cannot be 
neglected long, for a knowledge of rocks and their com- 
position is the very groundwork of geology, and even 
here I cannot quite omit all reference to it. 

Chemists have reduced all substances to sixty-three 
elements, some gaseous, some fluid, some solid. An 
-element is incapable by any known means of farther 
reduction. For example, water can be separated into 
two ga.ses,* but neither of these can be fdrther sepa- 
rated. Pure lead, iron, gold, cannot be further divided, 
and are elements. Now, these elements combine to- 
gether in obedience to certain laws. A combination is 
a different thing to a mixture. When things are com- 
bined a new substance is produced, not so when they 
are mixed. Oxygen and hydrogen gas may be mixed, 
there is no new substance, after awHle they will sepa- 
rate again ; pass an electric spark through them, com- 
bination takes place, and water is formed, which, if Idft 
to itself, will remain water. 

Now of these elements the greater number are com- 
paratively rare ; and of those which are of more ordinary 
oeeurrence, but few are found native, f that is, uncom- 
bined. The great rock masses consist either of oxides 
(combinations of an element with oxygen) or iiliccUes, 

* Oxygen, of which the air which we breathe is largely composed, 
and Hydrogen, the principal oonstitnent of the gas whidi lights onr 
towns. 

t The following table gives the elements which enter most largely 
into the composition of rock masses. Those marked tiina f are 
never found free in nature : — 

Oxygen *^ 

Hydrogen > Gases. 

t Chlorine J 

Carbon i t Sodium \ 

Sulphur t Potassium 1 

t Silicon ) Solid. f Aluminium ) Solid, 

t Calcium ,. f Iron [ 

t Magnesium J N 
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carbonates, sulphates (combinations of an element with 
oxygen and silicon, or carbon, or sulphur respectively). 
Coal is nearly pure carbon ; some of the metals are not 
rare native or combined with snlphor, and rock salt is 
the gas chlorine combined with the metal sodium. 

The composition of the earth's interior, and of the 
crust which was formed when the mass began to solidify, 
can only be inferred from examining those rocks which 
have been and are from time to time ejected from within. 
These are all silicates, and as they have issued forth in 
a molten state are called Igneous rocks. All other 
rocks found upon the face of the earth must have been 
formed directly or indirectly from these ; directiy when 
they are made up of broken (and generally water- worn) 
fragments ; indirectly, when composed of minerals or 
of the solid parts of plants or animals, the materials of 
which must have originally come from the same source. 

As water has played a large part in arranging the 
materials in the latter class, rocks belonging to it are 
called Aqueous; and as their materials are usually 
arranged in tolerably regular strata or layers, these are 
called the stratified rocks, in contrast with the unstrati* 
fied or Igneous rocks. A third division is usually made, 
containing rocks which, though stratified, have since 
their deposition been much changed (chiefly by heat 
pressure and water); these are on this account called 
the Metarrwrphic or altered rocks. 

We must now notice one or two &cts of rock struc- 
ture which are of the highest importance. It was said 
that the Aqueous rocks were arranged in more or less 
regular layers or strata. These you may notice for 
yourself in any district inhere clear faces of rock are ex- 
posed in quarries, or in gullies cut by streams, or in cliffs 
on the shore. Sometimes they are so regular as to re- 
semble courses of masonry. Sometimes, as in the 
chalk, there is one great nearly uniform mass several 
hundred feet thick. Change from one stratum to an- 
other, as yon will preselitly see, signifies some change 
in the materials that were being deposited. 
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Not aeldom, in eiamining a stratnm, we find it made 
np of thin ]a3'ers. These are called tamime. Place 
several books one above another, resting on their sides. 
Each book represents a stratum, its pages the laminiD 
which make up the stratum. Sometimes, however, the 
lamine do not run thus evenly, but slope or carve 
downwards from top to bottom of the Btratnm. Tliis ia 
called False or Cunent Bedding ; the latter name 
being given because (as yon can learn jrom almost an; 
river bed) it is caused by the action of streams. 




Books that are at all laminated will obviotiBl; split 
most easily along these layers ; thns paving fli^ are 
obtained. We also find rocks which split readily, but 
in quite another direcUon. Changes in the colour or 
nature of the materials show us how the rock was depo- 
sited, bat the lamtnn now stick fiist together, and the 
rock splits without any regard to them. This is called, 
cleavage, and rocks which bo a^Ulb Mft ^ita^wft^ wJ&»^ 
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clcftTnge plmtes, Uie othena budding. 

slates. Of Uie caase we will speak hereafter. In other 
altered rocks not only is there a tendency to split, not 
necessaiily brought about by the original bedding, but 
also the materials of which Uie rock is made ap appear 
to have been more of less altered. As these rocka often 
ha^e a rough roBemblance to layers of flattened leaves, 
tbey are said to he foliated ; and as they split are called 
ickitU, from a Greek word which has this meaning; 

Th^e stmctnres* are confined to rocks that once 
m^^t have been classed as Aqneons, We next eome 
to an important stmctnre which eqnally affects Igneons, 




ii£°; 



hu Mmetiinei been noticed in Igneonl nicki. 

— ^ J of cleavage on tlw next pagfl the itiidnt will 

IbMt tbit migbt be expected. 



JOINTS AND 0LBAVA6B. 19 

which we find more or less distinctly present in all bnt 
the softest and most incoherent rocks. Yon cannot 
walk for a few minutes in a qoarxy or by the side of a 
cliff, without noticing that the rock is cut up into blocks, 
sometimes of very regular shape, by a number of clefts. 
When yon look more closely at these you will find it 
easy to arrange them in sets, each running with remark- 
able evenness in some particular direction. There are 
usually two or else three such sets, and two at least of 
them are not fiur from being at right angles to the top 
and bottom of the bed. These divisions are called 
jointd — of course they are great helps to the quarry- 
men, who often call the most important of them master 
joints. I have seen them sometimes in the South Tyrol 
Alps, extending with almost unbroken regularity down 
the faces of cliffs many hundreds of feet in height. 
The rock in this case was very imiformly stratified, 
hence the evenness of the joints ; for, as a rule, they 
change when the nature of the beds alters. Joints 
may be seen in a quarry of Igneous rock, near North 
Queensferry (Fife), breaking the mass into great blocks 
at least fifty or sixty feet long, whose sides are as 
smooth as a plastered wall. 

In conclusion, these structures, Cleavage, Foliation, 
and Joints, demand a few words of explanation ; although 
We cannot attempt to do this in more than the roughest 
way, seeing that the subjects are difficult and there is 
much that yet remains somewhat uncertain. 

(1) Cleavage, — ^The cast-iron rails on a railway after 
a time flake, off; bees-wax when compressed becomes 
cleavable. It is observed that fossils and lumps of 
clay included in a slate always appear to have been 
crushed by a force which has acted at right angles to the 
direction of cleavage ; and in some cases, where coarser 
bands exist to show us more distinctly what has hap- 
pened, these are crumpled up in a way that could onl;^ 
be done by a force acting as above. It seems then 
reasonable to conclude that cleavage is the result of 
pressure, and was probably caused by «om& ^i^^^ ^^^ 
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movements which the earth has undergone. As might 
be expected, it is usually found in the older rocks. 

(2) Foliation, — Here there is a chemical as well as 
a mechanical change. The grains forming the original 
sand, mud, &c., can no longer be seen, at any rate in 
their former conditions ; the rock is quite altered, and 
new minerals are present in it. Heat and water have 
probably caused this change. We cannot here, as in 
the last, imitate Nature's experiments, but by examin- 
ing rocks near those that have been melted, or near warm 
mineral springs, we are led to beUeve, as you wiU some 
day learn for yourselves, that these agents have brought 
about the change. The foliated structure appears to 
depend to some extent on the original bedding of the 
rock, and to some extent on subsequent pressure. 

Heat and water have also, no doubt, converted sand- 
stones into quartzites, clay into homstone, and common 
into crystalline limestones (see p. 85.) Whenever 
these changes have taken place on a large scale it is 
probable that the operation has occupied a long time, 
and that the rock has been, as it were, slowly ''stewed." 
Though simple ''baking" produces similar effects, as 
may be seen near intrusive masses of lava, these, as 
a rule, do not appear to extend far into the rock. 

Joints, — The cause of these is probably shrinking, 
just as the cracks are formed in the mud of a dried up 
pond. Their regularity over large surfaces is proba- 
bly produced by this having taken place slowly and 
uniformly. This shrinking may take place either in 
cooling or in drying. In igneous rocks the joints will 
be produced in ihe former way, in aqueous in the latter. 
The most remarkable case of jointing is to be seen in 
certain igneous rocks, where the whole mass is divided 
into regular columns, usually six-sided. This occurs 
most commonly in basalt, but it is not confined to it. 
Good examples of these columns may be found at the 
Giant's Causeway, in Staffa, and at Pouk Hill Quarry 
near Walsall. Often the columns run straight from 
the top to the bottom of the bed, but occasionally, as 
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in the Clam Shell Cave, Stafia, and at Pook Hill, they 
are cnriouBly bent. 

We consider that these columns are due to cooling, 
for the following among other reasons : — The columns 
(when not bent) are always at right angles to the sur- 
face of the lava. If it has cooled on a plain, they are 
upright, if on the slope of a hill, they are no longer so; 
in a vertical dyke (see p. 44), they he flat ; and some- 
times, as they began at the same time from the two 
sides, their ends, as might be expected, do not fit in the 
middle. 

How is it then that the columns are generally six- 
sided ? When a mass of molten rock is cooling, this 
appears to begin on the surfiftce around a number of 
centres at about equal distances from each other; 
towards these the particles of the rock will shrink. 
Now take seven coins of the same size, put one on the 
table, and you will find the other six can be placed in a 
ring round, so that each touches it and two of the 
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others. Suppose a be the central coin, b and o two of 
the others, n, e, f, the points where they touch. Draw 
straight lines to touch each pair through these points. 
It is known that they will meet in one point g. If Ow 
if is clear that when the rock is shrinking uniformly 
round and toward the centres a, b, c, all parts withiii the 
lines E o, o D, will shrink towards a, within on, p o 
towards b, and within e g, f o towards c. Thus cracks 
will be formed along the lines li o, Ot t>, "^ ^» "^^-^ *^c^ 
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cracks e g, g d, 'will define one angle of a column, with 
A for its middle point ; and thus by passing on to the 
other circles we shall obtain a six-sided eolomn formed 
about a; and in like manner we shonld get similar 
columns formed about the other centres. If the cooling 
goes on uniformly, the cracks thus begun will go on 
descending into the mass, and a set of perfectly regular 
columns be formed. The bent columns must be caused 
by some irregularities in the cooling, though it is not 
easy to say precisely what in each case. Some bond- 
ings also may be explained by a movement of the lava 
stream after it has partly cooled, but before it has 
become quite solid. Again, the columns are often seen 
to be divided across, as if they were builtc of separate 
stones, and when parted they show a ball-and-socket 
structure. Sometimes this is so marked that they re* 
semble a pile of Dutch cheeses. This must be caused 
by the cooling not going on quite ' uniformly, in the 
mass. Thus tiiough the direction oi r thq column .is 
kept up, another ball is started just beneath thie one 
that is above, and the column is accordingly cracked 
across at this place. 

This explanation of the cause of joints — ^viz., con- 
traction, whether from cooling or drying — is confirmed 
by the fact that miniature columns are found to have 
been formed in mud, coal, and other rocks, over which 
streams of molten lava have passed, and in the clay 
with which blast-furnaces are Imed, as well as in starch 
and several other substances that have become solid in 
drying. 



CHAPTER n. 

Now that we have mentioned the general facts of struc- 
ture hi rocks, we must proceed to examine a little more 
minutely into their composition. The number of ele- 
ments which make up the greater part of rock masses 
js smaH, as was said above ; the number of minerals, or 
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compounds of these elements, is also not very large. The 
following descriptions may help you to recognise the 
commoner of these, without any knowledge of the science 
of mineralogy, though the sooner you can learn some- 
thing of this the better. 

A large number of minerals are found to assume cer- 
tain definite forms, which can be classified. These are 
called crystals, and are a great help in determining an 
unknown mineral. Again, in most cases it is found 
that the crystal will split in certain directions more 
easily than in others. Get some crystallised barley- 
BUgar firom the shop, and try to split it ; this, you will 
find, can be done when the knife is placed so as to cut 
off a regular pyramid from any comer. This property 
in minerals of splitting more easily in some directions 
than in others is called cleavage, and it is an important 
help in recognising them. You must be careful not to 
confuse mineral cleavage with rock cleavage, for the causa 
of them is not the same. Mineral cleavage (t.«., the 
cleavage of crystals) is due to the mode in which the 
crystal is built up ; the molecules which have formed it 
bein^ laid in courses, something like the bricks in a 
wall. Bock cleavage is produced by changes after the 
mass is formed ; as if (to give a very rude example) we 
could turn the bricks in a wall after it was built, so 
that the courses should run from top to bottom instead 
of in the usual manner. We have also to notice the 
hardness of a specimen, its colour when whole and when 
powdered, and what effect acids have upon it. Taste 
and smell are sometimes used in distinguishing minerals, 
and of course there are other less rough tests which can 
be employed by the chemist in his laboratory. 
' If, then, you wish to recognise minerals or rocks, you 
must get a hammer, a pocket-knife, and a small bottle 
of hydrochloric acid.* Many of the common minerals 

* The hammer, aod knife will tell us whether the mineral cleaves 
easily or not, the knife whether it is hard or soft ; if a Uttie of the 
add eanses a bnbblinfr, or "fizzing" ni>— effervescence— yon may 
know that the mineral contains carbonic acid gas, and thus i& «. 
carbonate. 
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and rocks can be identified from descriptions by the help 
of these, though of course you will &id it a great ad- 
vantage if you can get access to a collection in which 
the specimens are named. 

In the following list of the commoner minerals we 
give, first, the minerals consisting of a single element ; 
next, the compounds of two elements ; ihen those of 
more than two. 

ELEMENTS. 

Carbon. — ^The diamond is pure carbon ; so is graphite, 
plumbago^ or ** black lead." The latter may be biown 
from the metal lead by its being much lighter and mark- 
ing paper more easily. As a rule, however, small 
quantities of other minerals are present in the graphite 
of commerce. * Of this there are valuable mines in 
Cumberland. The name is derived from a Greek word, 
meaning '' I write.*' Coal is nearly pure carbon ; those 
varieties which soil the fingers least are the purest. 

Sulphur. — Usually pale primrose yellow ; can be re- 
cognised by the odour. Not common, especially in 
Great Britain. 

OXIDES, &c. 

Silica, — One of the most abundant minerals in the 
earth's crust. The crystals are generally six-sided towers 
with six-sided pyramidal roofs. Properly it is perfectly 
transparent, when it goes by the name of rock crystal, 
and is largely used for lenses and ornaments, but it is 
often tinted with some mineral : as purple, when it is 
called amethyst; brown, cairngorm; yellow, false topaz, 
and so on. It occurs also in masses, not distinctly crys- 
tallised, when it is commonly called quartz ; these are 
generally more or less opaque, and often dead white in 
colour. Chalcedony is a milky, cameHan a reddish kind ; 
jasper «. impure "and richly-cdonred variety; agates 
are mixtures of these. Quartz generally occurs in rocks, 
either in veins or in small grains, of a greyish or whitish 
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colour. A bit of it cannot be split; hydrochloric acid, 
has no effect on it. It is very hard ; you cannot scratch 
it with a knife : the most that you will do is to spoil the 
point, and make a bluish mark on the quartz. Flint is 
silica in so finely crystalline a state that to the eye it 
looks quite compact. Common opal is uncrysticdlised 
silica ; it is not quite so hard or so heavy as the same 
mineral when crystallised, and is of a dull white colour; 
the valuable gems, noble opal, with its delicate rainbow 
tints, and fire opal, with its rich orange lustre, are rare 
varieties of this form of silica. This mineral (especi- 
ally of the uncrystallised kind) is dissolved in small 
quantities in most natural waters, particularly those oi 
warm springs, which often deposit it as ** sinter ;" it is 
also present in certain vegetable tissues, especially in 
grass, straw, and bamboo stems. It also forms the 
covering of certain minute animals. 

Hamatite. — One of the ores of iron. Among other 
places, largely found in Lancashire. Not difficult to 
recognise ; purplish or reddish brown in colour, often 
making a reddish mark on paper, generally occurring 
in lumpy masses, heavy. Common iron-rust is oxide 
of iron combined with water. 

Bock-salt (Chloride of sodium). — More or less trans- 
parent, sometimes yellowish or reddish. 9he purer 
kinds can be split in certain directions ; it is quickly 
dissolved by water; easily known by taste; can be 
scratched without difficulty ; does not effervesce. 

Fluor-spar (a combination of the elements fluorine 
and calcium) is a not uncommon mineral ; it is often 
nearly transparent. Crystals cube-shaped, clear, the 
colour yellowish, greenish, and light to dark purple. 
Can be scratched without difficulty ; does not effervesce. 
The Blue John of the Derbyshire spar-shops is this 
mineraL 

SILICATES. 

The commoner of these are composed of sevet^^ 
elements. The following are mo«.lit^^«ii5Cfi^ \ska\»NEriSsi.' 
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Serpentine, — A silicate of magnesia chemically com- 
bined with water, and usually tinted by other minerals ; 
dark mottled red and green being the commonest 
colours. It does not form crystals, so a freshly broken 
surfacQ does not glitter ; can be rather easily scratched 
with a knife. All minerals containing much silicate of 
magnesia have a soapy feeling when handled. 

Talc {not the mineral often sold under that name) 
has less water in its composition, is of a pale greenish 
colour, with a pearly surface. Can be easily scratched 
with the finger-nail. 

Augiie and Hornblende are two minerals very similar 
in all respects, except that, the crystals differ somewhat 
in form. Generally they are dark green to nearly 
black in colour, and rocks which contain them are 
usually dark-coloured, and, as much iron enters into 
their composition, assume a rusty brown colour when 
exposed to the weather. It is often very difficult to 
distinguish these minerals; hornblende crystals, how- 
ever, not unfrequently resemble bundles of needles or 
fibres of wood, and one variety, asbestus, is like flossy 
silk : this is used for gas-stoves. The little scales or 
plates of a bronze-like or greenish mineral, common in 
serpentine, are a variety of augite. 

Felspar^— K very important group of minerals. They 
all consist of silicates of alumina, together with sili- 
cates either of potash, or soda, or lime, or iron, &c., 
the latter producing the different varieties into which 
the group is divided. Felspar usually occurs in rather 
long crystals, which split in two directions, one rather 
more easily than the, other. They are generally opaque, 
with a satin-like sheen on the spht faces. Colour dead 
white, flesh -tint, or dull green; can be scratched, 
though with difficulty, with a knife ; the acid will not 
affect them. In potash-felspar the cleavage faces are 
at right angles. This mineral, often called orthoclase 
(right-angle- cleaving), is abundant in granite, in which 
it sometimes forms large separate crystals. The other 
felspars (with the exception of one rare variety) do not 
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cleaTe at right angles. They may be recognised by 
this and by the presence of fine paorallel lines on some 
of their cleavage faces. It is often not easy to dis- 
tinguish the different varieties. One called Labradorite, 
from the place where it is especially fomid, often shows 
a beantifol play of colours, blue and green, as on a^p^a- 
cock's feather. 

Mica, — This name also covers a gronp of minerals 
of rather varying composition. All, however, are dis-, 
tingnished by spHtting very readily in one direction, so 
that they can be flaked off with the point of the knife. 
Colour various, from sUvery white to black, with a 
metallic lustre. Can be scratched more easily than 
felspaiir. Not immediately affected by acid. The 
plates, of one kind are sometimes transparent and lar^e 
enough to be used in commerce for covers to written 
labels, for smoke protectors above gaslights, &c. This 
is the mineral popularly called talc. ^ 

CABBOKATES. 

; CoZc^ar (Cadbonate of lime).-^This mineral is.y^ry 
abundant. . The crystals vary much in shape, but com- 
monly are sharp pyramids, often transparent, sometimes 
coloured, you may distinguish them from quartz by the 
following tests. They split or cleave in three directions, 
forming somewhat oblong (but not right-angled) blocks. 
They can be scratched without difficulty with the knife. 
When acid is dropped on them a bubbling-up takes 
place. Carbonate of lime is the principal ingredient in 
chalk and limestones, corals, shells, and in bones, and 
the solid parts of most animals. Dog-tooth spar, nail- 
head spar, Iceland spar, are names given to some 
varieties, of which the first is commonest. 



SULPHATES. 

Gypmim (Sulphate of lime). — Crystals rather oblon^- 
fihaped, somewhat pearly in a^i^e«x«XL<e.^^ ^^S^jst >^D»^^w 



28 IGNEOUS BOOKS. 

calcspar (the thamb-nail is just able to mark it), and 
splitting not with equal ease in three directions ; often 
found in clays. The rock gypsum consists of this 
mineral in an uncrystallised, or very finely-crystallised 
state. The natural colour is snowy white. Gypsum 
can be distinguished from limestone by its greater soft- 
ness and by not bubbling up when touched by the acid. 

With the exception of iron, none of the '' metals " enter 
generally, like the above minerals, into the composition 
of large rock masses, but they occur in yarious hollows, 
cracks, and veins, or as scattered crystals, singly or in 
groups, in them. Iron occurs, as has been said, as 
the oxide. Another common form is iron pyrites (a 
combination of sulphur and iron — sulphide of iron) ; 
the crystals are cube-shaped, cannot be marked with 
the kmfe, and resemble brass. The carbonate of iron 
occurs in '' clay ironstone,*' and in what are called 
chalybeate springs. The oxide of copper may be 
known by its resemblance to copper. Copper pyrites 
is more copper-coloured and softer than iron pyrites ; the 
carbonate is a bright green or deep blue ; one variety of 
this is the malachite, for which Siberia is so celebrated ; 
the commonest ore of lead is the sulphide : this may 
be known by its weight and general resemblance to the 
metal. Gold is often found pure, silver not seldom ; 
the ores of it and of tin cannot be briefly described or 
very easily recognised. 

We next proceed to the rocks which are composed of 
the minerals described above, namely, the Igneous, 
Aqueous, and Metamorphic. (See Note II.) 

(1) Ign^QOUS. — ^These are all composed of silicates, 
and sometimes contain silica as well, the crystals 
being generally rather small and often impeifectly 
formed. A crystal is like a tree, it must have plenty 
of room to grow well. Igneous rocks are often very 
difficult to classify, and the beginner must not expect 
to be taaght much about them. Usually they are 
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divided into two classes, according to the circumstances 
under which they have become solid. Those which 
have cooled down on or very near the surface are 
called Volcanic ; those which have cooled down at 
some depth are called Plutonic. It is evident that 
no very hard and fast line can be drawn between these ; 
for if an igneous rock could be traced downwards, that 
which was at the surface Volcanic would be likely to 
become at last Platome. Some writers make aif in- 
termediate class to include those which have cooled 
down under moderate pressure; calling them Traps, 
from a word meaning a stair, because they often form 
step-like hills ; but I do not think anything is gained 
by this division, except that the term is useful when 
a more definite one cannot be employed. 



VOLCANIC BOCKS (pOPULABLY CALLED LAVAS). 

The following are the principal varieties : — 

Trachyte, — This rock is mainly composed of potash- 
felspar, generally grey in colour, rough in the hiand, 
rather light. Sometimes it becomes glassy and passes 
into Obsidian or volcanic glass — a rock very like 
ordinary wine-bottle glass. Sometimes it is slaggy, 
and when full of holes it is called Pumice. It is a 
common rock which has not yet been recognised in 
Britain. 

Basalt. — Mainly composed of another variety of 
felspar and of augite ; crystals so small as not to be dis- 
tinguished by the eye ; purple-black in colour, often 
rusty brown when exposed to weather; heavier and 
much less commonly full of holes than trachyte. It 
contains more or less iron oxide. When more coarsely 
crystallised it is called Dolerite. It also is often slaggy, 
and its glass (rare) is called Tachylite. Basalt occurs 
at Bowley Begis and near Walsall, Staffordshire, where 
*t is largely quarried for road metal, &c., also (mcl^4\si% 
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Dolerite) in other parts of England, especiallj in the 
north, and is enormonsly abnnd^t in the bentiiftl vaUey 
of Scotland, the Inner Hebrides, and North of Ireland. 

PLUTONIC BOOKS. 

Felstone has mnch the same composition as, but is 
more compact and stony than, most Trachyte ; being, 
no doubt, the same rock more slowly cooled. It varies 
a good deal in colour, some kinds being cream-white, 
others grey or grey-green, others reddish or purplish. 
In some, grains of quartz are common, in others, the 
felspar crystals are easily seen with the eye. Parts 
exposed to the weather are often (but not always) 
lighter coloured than the rest. Its glassy state is 
called Pitchstone, which differs from Obsidian in being 
duller and more variable in colour and rather more like 
resin in appearance. Felstone is abundant in North 
Wales, as at Penmaen-mawr, where it is largely quar- 
ried, the English Lake Country, and in many parts of 
Scotland. Its varieties are numerous. Pitchstone is 
much less common, being confined to a few localities 
on the west coast of Scotland and in Ireland. 

Greenstone, — Several somewhat different rocks must 
be included under this head ; the most familiar consists 
of a felspar (not potash-felspar) and hornblende, which 
is properly called Diorite. The rock is generally a 
dullish green in colour, or speckled white and green, 
and brownish when weather-worn. It is often difficult 
to distinguish it from Dolerite. 

Syenite. — A compound of potash-felspar and horn- 
blende, generally speckled dull green and pink or white. 
There are extensive quarries of it in the Malvern Hills 
and at Chamwood Forest, and it is found in some 
other parts of Britain. It, however, has been doubted 
whether, at the above localities, it is really of igneous 
origin. Most of that at Malvern is a metamorphic rock. 

Oranite. — This important rock is a compound of 
quartz, potash-felspair, and mica. The first of these 
utioarab ^fenerally occurs in rather irregular grains, 
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whitish, greyish, or blackish in colour; the second is 

' distinctly crystallised, white, yellowish, or pink-red ; the 

third is very variable in quantity and kind, usually it is 

'either silvery-grey or metallic black. Hornblende 

-sometimes replaces mica. The celebrated quarries of 

Mount Sorrel (Leicestershire) furnish the latter kind. 

Granite from Cornwall is used in Waterloo Bridge, 

from Devonshire in London Bridge (boih grey-coloured), 

from the Channel Isles in London streets — ^these vary 

in tint. Peterhead granite is reddish ; Ross of Mull, 

pinkish; Aberdeen, greyish in colour. Lreland also 

has several fine granites, which, however, are not often 

brought to England. 

Frequently the bubble-like cavities in the volcanic 
rocks are filled up by minerals that are deposited there 
by water (such as csJcspar or chalcedony). These are 
called amygdahids, from a Greek word meaning an 
almond, because the rock then somewhat resembles a 
slice .of almond- to%. Good examples occur in the 
Derbyshire Toadstone (Basalt). In the Igneous rocks 
especially certain minerals are very distinctly crystal- 
lised, while the mass of the rock is either finely crys- 
tallised or has a compact appearance, like hard cheese 
or a broken face of porcelain. It is then said to be 
Porphyritic, and rocks of the latter kind are sometimes 
called Porphyries, This term also comes from a Greel: 
word, which means a red-purple, and was given to a 
valuable Egyptian rock, called now rosso antico by 
marble-workers, which was of that colour, and was 
relieved by small distinct whitish crystals. It is one of 
the many varieties which we have been obliged to 
include under the single name Felstone. Some of the 
Granites, as those from Devon, Cornwall, and Shapfell, 
are porphyritic, and the potash-felspar crystals are often 
a couple of inches long. There are plenty of instances 
to be seen in London, the streets of which are be- 
coming quite a museum of rocks on a large scale. A 
good example will be found on the approach to London 
Bridge. ' „ 
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(2) Aqueous. — ^We come next to the second great 
division of rocks, and here it may be as well to state 
that in geological language a rock is not necessarily 
hard ; loose sand, soft mad, and firm stone are equally 
spoken of as rocks. The aqueous rocks are made up 
of fragments, sometimes quite large, sometimes so very 
small as to be hardly visible without a magnifying 
glass, which at some time or other have been supplied 
by the Igneous rocks. As might be expected, the 
different varieties pass into one another even more 
than the former class. When Nature makes dirt-pies, 
she mixes the ingredients without any fixed recipe. 
The following, however, are the chief varieties : — 

Any rock which is principally made up of broken 
sharp-edged fragments of others, cemented together by 
some kind of mineral paste, is called a Breccia. This is 
imitated in some of the '* artificial stones ** used for pave- 
ments. When the fragments are rounded into pebbles, 
we call the rock a Gravel if they are loose ; a Conglomerate 
or Pudding-stone if they are cemented together. ** Con- 
crete," used in the foundations of buildings, is an artifi- 
cial conglomerate. K they are mere grains (usually of 
quartz), and coarse, it is called a Grit; if fine, a Sand- 
stone; and if not cemented together this is Sand. 
Grits and sandstones may be rendered solid by mere 
pressure ; but usually the grains are cemented together 
by a little hardened clay, or carbonate of lime, or iron 
rofit, or even silica. 

When rocks containing a considerable quantity of 
the mineral felspar are weathered or water-worn, some 
parts of it are dissolved, and the remainder consists of 
a chemical combination of silica and alumina — a silicate 
of alumina. This forms Clay. The purest kinds are 
used in making pottery; those mixed to some extent 
with fine sand or other minerals are the brick earths 
or clays. Bather hard laminated clays are called 
Shales, and those which contain some carbonate of 
lime are Marls. These rocks are rarely very hard, 
unless they have been to some extent baked by the 
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ueiioTL of Igneous rocks, and then they belong more 
properly to the next division. 

Ijoam is clay mixed with fine sand ; ordinary eanh 
or sail is loam with some carbon &om decayed vege- 
table matter. 

Flint, as we have already said, is nearly pure silica; 
The mode in which it is formed indll be described here- 
after. When mixed up with some lime or even clay it 
is called Chert, 

Limestones, as it has been stated, are composed of 
carbonate' of lime. Chalk is a rather soft and un- 
crystallised variety ; those which are crystallised, hard, 
and capable of being polished, are Marbles. Usually 
some clay or fine sand is mixed up in a limestone. 
One which may be described as a clayey chalk is called 
Clunch, Thus sofb limestones pass through clunch into 
marl, and this by losing the lime passes into clay ; hard 
limestones become cherty, or pass into calcareous sand- 
stones^ and these, or clays, may get more and more 
sandy, till at last they become ordinary sandstones. 
Many limestones are burnt for quicklime (the heat 
driving off the carbonic acid gas and leaving behind 
the oxide of Hme). G^s is used in dressing land and 
in making mortar. Some also afford valuable building 
stones, as, for example, the quarries of Portland, Bath, 
Cheltenham, Ketton, and Ancaster. The first is used 
in St. Paul's Cathedral and in many of the City 
churches. Dolomite is a combination of carbonate of 
lime and carbonate of magnesia. There is a consider- 
able quantity of it exposed in a strip of country be- 
tween Nottingham and South Shields. York Cathedral, 
the New Houses of Parliament, and i;h6 Museum of 
Q-eology in Jermyn Street, London, are built of Dolo- 
mite or Magnesian Limestone, as it is often called. It 
is a handsome stone, but not always very durable. 

Coal, the origin of which will be described hereafter, 
is nearly pure carbon ; shales and limestones also are 
often carbonaceous or bituminous, from the presence of 
decayed vegetable or animAl remains. Tli<&t^ \^ ^;«sax^« 

o 
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times so much of this bitumen in shale that gas can be 
made, or mineral oils — such as paraffin — distilled from it. 

It may seem, from what has been said, a difficult 
matter to classify these aqueous rocks ; but the general 
character of a specimen can usually be easily deter- 
mined in practice. A magnifying glass will show the 
grains of sand, if much of that is present — and a flinty 
or cherty rock may be known by its being hard to 
break with a hammer, by its ** flying" into sharp-edged 
pieces when it does break, and by its being difficult to 
mark with a knife. Eocks with much clay in their 
composition, though not always easily broken, are 
readily bruised. They have also a peculiar earthy 
smell when damp. A little hydrochloric acid dropped 
upon a rock when powdered will show at once by 
effervescence whether there is any considerable quan- 
tity of carbonate of hme present ; and the carbonaceous 
or bituminous rocks are dark coloured, blaze or glow 
when put into the fire, and, if rich in bitumen, have 
the peculiar odour of this mineral. 

Carbonate of lime, silica, and some other minerals, 
not unfrequently, when present in rocks, make their 
way to certain points in the mass, where a rather 
larger quantity of the mineral happens to be present, 
or where they can be readily deposited, and form what 
are called concretions. The hard globular masses 
called ** ball stones," ** com stones," ** septaria stones,'* 
are thus formed, which appear to have collected to- 
gether almost all of some particular mineral (commonly 
carbonate of lime) from the surrounding rock. Septaria 
stones have cracked, probably in drying, and the cracks 
are filled up with pure carbonate of lime, and occasion- 
ally with silica. The lumps, rich in phosphate of 
lime,* which are now largely worked for artificia) 
manures in the eastern counties of England, are pro- 
bably concretions. The limestone called oolite {oon, 
egg ; Uthos, stone) or roe-stone, from its resemblance 

* Called Coprolites, because it was at first supposed that they 
were fossil excreta ; from koprosj dang, lithot, stone. 
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to the roe of a fish, is made up of a number of very 
small concretions, the centre of each of which is a 
minute shell or grain of sand. Sometimes these con- 
cretions are about as large as peas, then the rock is 
called pisolite (pea-stone). A very remarkable bed of 
this occurs in the Lower Oolite, near Cheltenham. 

(3) MetamorpMo rooks. — ^This class remains. 
A clay or shale, which has become hardened, is called a 
Jtomstonef and when cleavable a slate; a sandstone, 
solidified so that the edges of the grains look as if they 
had been melted together — ^like those in a sago pudding 
— ^is called a quartzite. Of the foliated varieties, gneiss 
consists of quartz, felspar, and mica, mica schist of 
quartz and mica. There are also hornblende schists, 
talc schists, chlorite schists (generally of a greenish 
colour), containing the minerals after which they are 
named. Serpentine is believed to be a metamorphic 
rock, sometimes of igneous, sometimes of aqueous origin. 

With this too brief account of the principal kinds of 
rocks we must content ourselves. Of these the earth's 
crust is made. You must not, however, suppose that 
they are disposed regularly one above another like the 
coats of an onion. What the first crust may have been 
like we can only conjecture, or how far the ** veneering." 
may have at first been done with some regularity. All 
we can now say is that the surface was a "knubbly" 
one when it began to be patched over with the existing 
deposits, and that we have nowhere found the bottom 
rock in its original condition. Those pictures, which 
you see in some old books, of granite as the floor, 
gneiss and schist upon that, slate upon them, and the 
various stratified rocks on it, give no correct idea 
of the real state of the case. There are schists in the 
Alps which were deposited at about the same time as 
some clays in the Isle of Wight, and there are clays 
and sands near St. Petersburg of about the same age 
as some of our Welsh slates. In one country you w&l 
find a quite modern rock resting upon a "v«r^ ^x^sssmb^. 

c ^ 



86 CHANGBS IN THS EABTil S SURFACE. 

one ; in another you will have an interval of many 
thousand feet between the representatives of these two, 
filled up with all or many of the missing deposits. 



CHAPTEE m. 

People commonly think of the land as firmly fixed, of 
the sea as changeful — this is a mistake. We see ihe 
tide ebb and flow twice a-day ; human life, man*s his- 
tory, is too short to measure those vaster, but less 
regular movements which raise and lower the solid 
ground. Yet there is probably not a spot on the known 
surface of the earth, which has not been deep under 
water at least once since the time when geological his- 
tory begins. Why these motions take place it is hard 
to say. It has been conjectured that great masses of 
rock under ground have been melted by the heat of 
electric currents or chemical actions, which, swelling as 
they became hotter, have pushed up the strata above. 
But when we examine any tract of uplifted land — ^for 
example, a great mountain chain like the Alps — the 
strata composing it generally seem to have been 
puckered up by a sideward pressure rather than lifted 
from below ; just as are the leaves of an unbound book, 
if you put one hand against the back and another against 
the front and bring tiiem together. Now, if the earth 
has been cooling down and consequently getting some- 
what smaller; and if the outside first became solid, 
then the crust, when once formed, must pucker itself to 
fit the shrinking interior, like an apple wrinkles in 
withering ; or else, sooner or later, the one must part 
from the other, like a kernel in a nutshell. 

Be this as it may, the surface of the earth is by no 
means at rest^ but two sets offerees are always at work 
upon it : the one from within, sometimes bringing up 
the- low» sometimes bringing down the high ; the other 
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from without, jaeyer exalting, always abasiiig*' ^ The 
former possibly sometimes pauses for a while, the latter 
.n^vejp.xe^tQ night or day. There is nothing conserva- 
tive in Nature ; she is a relentless leveller. 

Forces from within manifest themselves in three 
ways : — 

(1.) By piling up hills of igneous rock, called vol- 
canoes, from which are ejected streams of lava. 

'2.) By earthquakes. 

^8.) By gentle, and often almost imperceptible, rising 
and falling of the land. 

Forces from without do their destructive work by heat 
and cold, rain, ice, rivers, ocean waves, and currents. 

(1.) A volcano is a mountain from which, from time 
to time, steam, ashes, stones, and molten lava are dis- 
charged. Its summit is formed by a conical mound, 
enclosing a bowl-like hollow, called the crater. The 
crater is at the mouth of a natural funnel communica- 
ting with the interior of the earth, and the cone consists, 
wholly or almost wholly, of stones and ashes that have 
been vomited forth from the mouth of this pipe. In 
some volcanoes the molten matter is always bubbling 
up in the neck, so that the crater is like a seething 
cauldron ; in others the supply ceases from time to 
time, the surface cools and hardens, the furnace mouth 
becomes plugged, and only a little steam or smoke tells 
of the buried fires. Perhaps even this at last ceases, 
grass be^ns to clothe the surface, trees strike their 
roots among the rocks ; so is it now with Mount Gar- 
gano, near Naples, so was it once for centuries with Ve- 
suvius. But one day there is an awakening. Strange 
sounds are heard, the weather is disturbed, the water 
sinks in the neighbouring wells, the earth trembles; 
cracks open here and there on the mountain side, a 
lurid light gleams out from them. The pent-up fires 
can no longer be restrained ; in a series of fearful explo- 
sions, perhaps in a very few minutes, the stopping is 
blown out of the furnace mouth ; dust, ashes, redhot 
rocks are hurled high into the air^wii ^\» \M^\.^ ^>S^^ 
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firom the crater or from some chasm in the momitain side, 
streams of lava issue forth and roll downwards on their 
destructive coarse. Sometimes a large part of the cone 
itself is carried away by these explosions — -just as neck 
and cork often fly together from a bursting wine bottle. 
This happened with Vesuvius, in the great eruption of 
79 A.D., when, after unknown centuries of repose, it 
exploded, blew away half the wall of its crater, and 
buried Herculaneum, Pompeii, and other places of less 
note. Not unfrequently the flanks of a volcanic moun- 
tain are studded with a number of little cones, each 
copies of the principal crater, which also discharge 
steam, ashes, and occasionally lava. A model of Etna 
looks as if the mountain were suffering badly from 
boils. Volcanic mountains sometimes stand alone : like 
this Etna, which towers up more than ten thousand feet 
above the plains of Sicily; sometimes form long chains, 
as in the ^des ; sometimes clustered groups, as in the 
Lipari Isles, where no one summit much overtops the 
rest. Happily, we have no volcanoes in our own land, 
but Geology tells us this was not always the case. To 
take one instance only, Staffa, and many an island of 
Inner Hebrides, are but fragments of great lava streams ; 
Edinburgh Castle is built on a basalt crag, and Arthur's 
Seat itself is but the wom-away cone of an extinct 
volcano. In Auvergne, within a long day's journey of 
London, you may see cones and lava streams so perfect, 
that one could readily believe them scarce a century 
old ; though no serious, if any, disturbance has taken 
place for at least two thousand years. 

Two or three instances will suffice to show how large 
a mass of matter can be discharged from a volcano. 
In less than a week, in the year 1538, Monte Nuovo, a 
hill in the Bay of Naples, nearly 450 feet high and 
about a mile and a-half round at the base, was thrown 
up ; in an eruption of JoruUo (Mexico), in 1759, a 
mass of lava was ejected which formed a cake covering 
four square miles, and full 550 feet thick in the middle ; 
s Java stream which issued from a side crater of Monte 
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Loa (a huge volcano in the Sandwich Islands, 14,000 
feet above the sea) forced a passage under ground 
for twenty-seven miles, sending up on the way one or 
two offshoots to mark its progress, and then, after 
running twelve miles more, poured down into the sea. 
Perhaps, however, the most tremendous lava discharge 
on record took place, from Skapta Jokul, an Icelandic 
volcano, in 1788, when two streams were ejected — one 
more than fifty miles long, and in places as much as 
fifteen wide ; Ibe other about forty-five long and seven 
wide: the thickness of these varied firom one to six 
hundred feet. Probably enough lava was discharged in 
this single eruption to cover the whole of Norfolk with 
a layer about one hundred yards thick. 

The earthquake, though often more destructive to 
man and his works,* does not, so far as we can tell, 
generally produce such marked effect upon the sur- 
face of the globe ; still, considerable changes are often 
wrought by its action : large masses of rock or soil be- 
come detached from the hills, chasms open in the ground 
— as in the terrible Calabrian earthquake of 1788, when, 
in a single year, 949 shocks, more than half of these 
being of great severity, were felt ; or, what is still more 
important, large tracts of land are elevated — as has hap- 
pened more than once in Peru and ChiH ; and as in New 
Zealand, where, in the earthquake of Jan. 28, 1855, a 
district as large as Yorkshire is believed to have been 
raised from one to nine feet f — or are depressed, as in 
the Eunn of Cutch (at the mouth of the Indus), when 
as much land as the counties of Stafford and Leicester 
together sank under the sea. 

The precise cause of volcanic eruptions and earth- 
quakes can as yet be hardly regarded as settled, and 
the subject is one of great dificulty. At present it will 
be enough to notice that there is evidently a close con- 
nection between them. Earthquakes are probably due to 

* 60,000 persons are said to have perished, in a few minutes, in 
tlie great Lisbon earthquake, Nov. 1, 1755. 
t Lyell, " Principles of Geology " ch, xx-^uv* 
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subterranean explosions, and in some cases it has been 
found possible to estimate the position of these. Yolcanie 
eruptions, by whatever cause produced, appear to be in- 
active wiUiout water ; for it can hardly be^a^ aoeidental 
jcoincidence that ^ the existing volcanoes are nea^ the 
sea or very large sheets of water. 
/ But, apart from these, comparatively sudden changes., 
a slow riping or falling of the earth's surface^ without 
any shock, and sometimeii far away from any volt^ano^ 
has been occapi^ially observed. This is :probably far 
more common than is generally supposed, bu^ the 
change iis so gentle and gradual that it: passes un- 
noticed* There is, however » no doubt that the shores 
of the Gulf of Bothnia are slowly rising, nowhere more 
than at the rate of a yard in a century ; while part of 
the west coast of Greenland is as quietly sinking. The 
most noteworthy example is the so-called Temple of 
Serjapis, on the shores of the Bay of Naples, which 
has been often described. Here are three upright 
columns, part of a ruined building ; when these were 
^st examined in 1749, they were found to be buried 
to a height of twelve feet from the pavement in volcanic 
ash and other deposits ; then, for the next nine feet, they 
were drilled fuU of holes made by marine boring shells. 
Npw these facts can only be interpreted thus : we may 
ftssume that when the temple was built, its floor would 
hardly be below high-water mark ; after it fell into ruin, 
the floor must have been covered by these deposits, 
some of which were certainly formed under water ; the 
oolunms must then have continued to sink, until the 
sea was above the highest boring, that is, till at least 
twenty-one feet were under water, after which they 
must have been again upraised ; and all this so gently 
that even now the columns are as nearly as possible 
upright. We happen to know from history that the 
building was completed a.d. 285, that, not improbably, 
it was ruined either by Alaric in 410, or Genseric in 
445, and that the deepest depression of the land was 
heSare the year 1508. When the columns were un- 
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covered in 1749, they stood about two feet higher 
above the water than now, and the ground is probably 
very slowly sinking again. * v: : \ : 

Theg^ chan£(es, however^ which have happened since 
iiUtoi? began % be ' written, ,are a» aoibkicompared 
with those which have taken .place in the long series 
of ages covered by the geologi^id. ^record. . Mountain 
ranges have been raised likei^^gaptiQ billowy ; two of 
,the largest, the Alps ftnd the "^Timriayap, being com- 
paratiyely modem. In this proqess, vast thicknesses of 
;rock have been puckered, twjisted, doubled; up, some- 
times even folded l;»aok;. they ;haye been squee;$ed i^ 
i^Fushed, and cracked and broken, so that ends are now 
fitted together which once were some thousands of feet 
apart. Looking at these tremendous instances of force, 
which has bent the hard rocks as though they had been 
clay, the natural impulse is to suppose some mighty 
catastrophe, which has convulsed our planet and hurled 
the mountains on high, like blocks dislodged by the 
explosion of a mine ; but the more we examine the 
matter, the more convinced we become that the pres- 
sure which bent, ofben so regularly, those banded rocks, 
must have been very gradually applied, or they would have 
snapped and been shattered into fragments. At times, 
doubtless, a portion may have suddenly yielded to a 
long-continued strain, but the effects of this would be 
— as an earthquake now is — comparatively local ; thus 
the modem geologist concludes, ^^ I see little in Nature 
which bears evidence in favour of catastrophes, and 
nothing which, giving time enough, may not have been 
brought about by the agents of change still at work 
upon the globe.'* 

I have left unexplained a few geological terms which 
it will now be convenient, to define before . proceeding 
further^ From, what has been said above it wil) be 
seen that strata do not always lie horizontally ;. whe&« 
then, they slope downwards in any direction, they are 
said to dip towards it at such and such an angle* , Thu^^ 
"Dip 80^ N.E." would mean that Vti^ %\x^\jojcck. ^<5»v^ 
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towards the N.E. at an angle of 30*; or, to put it other- 
wise, that the angle between the plane of the stratum 
and that of the horizon was 80*, and that the plane in 
which this angle was measured pointed to the N.E. 
Take a sheet of note-paper, hold it with one leaf hori- 
zon tal, the other hanging down ; the acute angle between 
the two leaves is the dip of the lower one. The line of 
junction of the two leaves, or the straight line in which 
the plane of the bed cuts the plane of the horizon, is 
called the strike of the stratum. It is clearly at right 
angles to the plane in which the dip is meitsnred, so 
that a bed dipping to N.E. or to S.W. has a strike from 
N.W. to S.E. The line in which any stratum cuts the 
surface of the ground is called the outcrop. Whether 
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this is a straight line or not at any place will de- 
pond upon the form of the surface there ; if that be a 
plane, then of course the outcrop will be a straight 
line, and coincide with the strike. When strata are 
bent or folded, they are often said to be contortedj and 
when doubled completely back, so that for a space the 
older overlies the newer, are said to be overthrown. 
When strata are rolled or bent, the top of one of the 
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folds, that is, the line from which the strata dip in oppo- 
site directions, is called an anticlinal line or axis. Open 
this book in the middle, place it on the table, with the 
binding at top, like a ridge roof ; then, if the book re- 
present a stratum, the back is an anticlinal. If the 
strata dip from either side towards a line — as these 
two pages of this book, when it is partially open, do 
towards the middle fold — this is called a synclinal. 
When strata (as mentioned above) have been broken 
across and the ends wrongly fitted together, they are 
said to be " faulted." Sometimes the faces of a fault 
fit closely together ; sometimes they are apart, and the 
intervening space is filled up with rubbish ; sometimes 
the fault is vertical, sometimes not; sometimes the 
beds remain parallel after displacement, sometimes not. 
In a sloping fault the plane of the fault almost always 
makes an acute angle with the under side of the stratum 
that has been depressed ; in miners* language, the fault 
** hades to the downthrow.** Where Qie angle thus 
made is obtuse, it is said to be a reversed fault. 
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▼11. FAULTS. (aLOXO A B AND C D.) 



Faults, though frequent in mountain regions, are by 
no means confined to them. There are few parts of 
England where some faults may not be found. There 
are little faults as well as great faults ; some of the 
latter in Britain have displaced the beds vertically 
(have a throw, as it is called) for several hundred feet. 
Perhaps the largest known m the world is in the Ap- 
palachian chain (United States), where on opposite 
sides '* of a crack over which a man can stride,** beds 
are brought together that once were 20,000 feet a^^axt * 

» « Frost and Fire," i\. ^S^, 
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The iinmedute eanse of faults is probsblj 411st. iha 
coiitrar3r to that of coutortious — the /OTioer resnttiiig 
frdtn strain, the latter from preBsate. . . i -. 

The two fitces of a fault are often polibbed and grooved 
by robbing on one another ; this pecnliar soriaee is 
caUed tUckentidei ; it is often found where the rook is 
not bulled, but is only parted, and ma; be met with in 
all hard rocks, and eveu in tolerably stiff clays. 

The finer ashes thrown up by volcanoes are often 
carried for long distances by the wind, and then settle 
down into the water, or are carried by strosms into' the - 
sea or lakes — thus beds of stratified ashes are formed. 
When the materials are coarser and less regularly dis- 
poEed, as would happen near a submarine volcano, 
the- deposits are temted tuff. Amass of lava poured ont 
on the surface of the ground is called a sheet, stream, 
or flow, and the wall-like mass which fills up the crack 
by which the lava has reached the snrloce is called a 
dyk4. These dykes ocenr in thousands along the 
shores of the west coast of Scotland and the Inner 




Hebrides, and are abundant in the coal-fields of Fife 
axA. the Xiothians ; the north of Kngland also showa 
Bomo examples, the eonthemmost of them reaching tha 
•ea. soiith of Whitby, after running in a ' tolerably 
■tradght line across, the country for sixty miles. 
Before glanemg at the varioas ^«ncies by which the 
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surfiace of the earth is shaped, — ^rain, rivers, seas, ice, 
and glaciers — by wearing away or " denuding " some 
portions and transporting their materials to othdr places, 
it may be well to call attention to the fistct, that the re- 
sults of the denuding forces greatly depend on the struc- 
ture of the rocks, whether strat&ed, cleaved, foliated, 
or jointed. The mineral composition and structure, 
whether coarse or fine, crystalline or not, is of much 
importance, so that it may be worth while to call atten- 
tion to one or two points connected with them. 

(1.) With regard to the Igneous rocks. The texture 
of these chiefly depends upon the circumstances under 
which they have cooled : if quickly, they will hitve a 
glassy or finely-crystallme s^ctoe ; /slowly, l^ey 
will be coarsely crystalline. ■ This change of texture 
may often be seen in examining a dyke of Igneous 
rock; for a couple of yards will make a great differ- 
ence, the outside part being glassy, the inside coarsely 
crystalline. When the melted rock has cooled down 
without any pressure, then it is likely to be loose in 
texture, fiiU of gas blebs, cindery, or slaggy. This 
may be seen on examining the surface of a lava stream. 
It has also been shown by experiment that crystalline 
structure depends on the mode of cooling. Basalt 
from Bowley Begis (Staffordshire) was melted in a blast 
furnace and then allowed to cool ; the outside of the 
mass was found, on examination, to have become a 
black glass, the inside a crystalline stone. 

(2.) The Aqueous rockSk The texture of these 
depends partly upon the size and shape of the water- 
worn materials, partly upon the cement that binds 
them together. Large rounded pebbles cannot adhere 
together ; but pressure alone may sometimes solidify fine 
earthy materials, just as the leads for pencils are made 
from compressed graphite powder. Clays after being 
wetted will *' set " in drying, as happens with sun- 
burnt bricks. But in a great many rocks, and in all the 
hardest, the water- worn materials, whether fine grains 
or large pebbles, are set in a cement ; thus the tQ<^ ^s^^ 
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a kind of natural mortar or concrete. This cement 
has been brought by the water which found its way 
into the rock during or after its deposition, and is 
generally made of silica, oxide of iron, or carbonate of 
lime. The microscope shows these minerals binding 
the various grains of the rock together like a paste. 



CHAPTER rV. 

We now come to the various agents by which Nature 
is ever bringing down that which is high. Everlasting 
as the mountains may seem, with their towering peaks 
and rocky cHffs, not a moment passes without some 
fragment being broken off and carried away towards 
the plain below. Were it not for those movements of 
the earth's crust, of which I have spoken, sooner or 
later all things would be reduced to one dead level. 
Heat and oold, water and ice, are the agents by which 
the rocks are quarried, transported, and at last deposited 
in the tranquil depths of lakes and seas. For the sake 
of clearness, we will as far as possible consider their 
actions separately. 

A piece of damp rock shrinks in drying, and in 
shrinking often cracks. You have no doubt often 
noticed how the mud iu a dried up pond is split into 
blocks, or how the paths in a hot summer are parted by 
large cracks. In warmer climates than our own this is 
still more remarkable. Professor Ansted * tells us that 
in the south of Spain during a dry season fissures are 
formed, even in compact sandstone, some scores of yards 
long, and from eight to ten feet in depth; and in 
loose marls these run a mile or more in length, and as 
much as a hundred yards in depth. 

Again, when a rock is dry, it expands with heat 
and contracts with cold ; in tiiis way also cracks may 
be formed, or neighbouring masses forced from their 

♦ ''Tntoflact. Cambridge Philosoph. Soc.," vol. xi. p; 387. 
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places. In countries like Canada, where the summer 
and winter temperatures are very different, this expan- 
sion and contraction are found a serious practical diffi" 
culty in the construction of buildings where large stones 
or girders are used. The same effects must occur in 
nature. Frost, however, produces more marked results 
when it can act with water as an instrument, so we 
shall return to this subject again when considering the 
effect of ice. 

The sun is continually pumping up water from every 
stream and lake and sea. Converted by the heat into 
an invisible vapour, this rises with the warm air up into 
the sky, until at last, on reaching colder regions, it 
gathers into clouds and returns again to the earth in 
the form of rain. You can prove this invisible work of 
the sun, if you like, by a very simple experiment. On 
a fine summer morning fill a pair of glasses with water 
till they exactly balance one another. Then place the 
one on the shady, the other on the sunny side of a 
house. In the evening again weigh them, and the 
latter will be much lighter than the former. The rain, 
as it drips down the slopes, carries down some of the 
loose earth with it. Watch the effect of a shower on 
any bank of soil, and you will quickly see this for your- 
selves. So great is ilie effect of rain alone, that it is 
often found necessary to fix on the embankments of 
Alpine railways a network of wattles, to prevent them 
from being washed away, until plants spring up to bind 
the soil together with their roots, and clothe them with 
a defensive armour of herbage and shrubs. The best 
instance of the effect of rain alone may be seen in what 
are called earth-pillars. These, which are not very 
rare in the Alps, are thus formed. The bed of a valley 
has at some former time been filled up by a quantity of 
clay, in which a number of stones are mixed, some of 
which, in the upper part, are of considerable size. A 
rill of rain-water when it comes against one of these is 
stemmed, and parted to right and left, to unite again 
farther down. Then, when the earth is washed away 
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firom both sides of the block, ihe lill still works on in 
the same channels and sbwly saws away the earth, 
leaying a block of it beneath the protecting capstone. 
Thns, by d^ees, a phmacle is carved ont. I have 
seen some of these not less than thirty or forty feet in 
height, and crowned by blocks a couple of square yards 
in area. The same kind of action, though with less 
ecmspicaons results, is everywhere going on. See how 
a road is washed by a thunder diower bare to the 
•« metals," and how muddy a streamlet rushes down the 
gutters, how earth slips and stones roll from every 
unprotected slope. Each change produced by a 
shower may seem but trifling, but remember this 
goes on week after week, year after year, and, as 
tiie proverb hath it, ** Constant dropping wears away 
stones.'* 

The effect even of rain as it beats upon the rocks or 
soaks into them in descending underground is by no 
means unimportant. The smSaces of sandstones and 
limestones exposed to the air are always more or less 
roi^h ; if you examine them closely you will find that 
the cement has ** weathered*' away and the embedded 
particles are sticking out. In oolites the rain first 
separates the ** eggs " in the stone one from another, 
and then peels off their shells coat after coat ; granites, 
basalts, and most igneous rocks rot under the infiuence 
oi the weather, losing so completely their usual charac- 
teristics, that they might almost be mistaken for gritty, 
rusty clays. I have seen granite and basalt that you 
could crumble in the hand, and instances have been 
described where the former rock could be dug out with 
a spade to a depth of several feet. The ruined tors of 
Cornwall and Devon, probably also the **rocking- 
stones*' are the results of atmospheric denudation act- 
ing upon a rock whose masses, as is common in igneous 
rocks, have a spheroidal or ball-like structure. 

Indeed, the effect of rain is not confined to the sur- 
ftMie of rocks, but it often extends very deep into the 
The aqueous rocks, as we have said, consist of 
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graiuB embedded in vanouB cements. Xbe water, in 
sinking tlirongh the rocks, can waeh them anaj. Silica 
paste is most durable, but even this yields at hut ; car- 
bonate of lime goes readily. Bat besides this, water, 
which, as I have already said, is never pore, bat haa 
various gases and minerals dissolved id it, prodncea 
chemical changes in the rock.* Thns, as when hydro- 
chloric acid dropped on limestone (carbonate of lime) 
drives out the carbonic acid (which goes away with 
a fizz, as if it went off in a iaSt) and makes a new 
combination, so in the course of time one mineral may 
be entirely removed from a rock, or, if not, may be 
changed into somethmg quite different. The igneoas 
rocks are greatly ailucted by these processes ; the water 
attacks the minerals of which they are composed, re- 
moves some parts, alters others, so that the hard 
b^alt, &e., is quite changed. Yon will find this takes 
place almost always on exposed surfaces and along 
joints, in fact, wherever water has pretty free access. 



Even in the heart of the stone some change is generally 
prodnced, for there also sooner or later water makes ita 
way. It is often no easy task to get a specimen firom 
old igneoas rocks which ander the microscope does not 
show signs of change. 

One or two instances may be added in order to illns- 
trate the effect of water npon rocks, especially in the 

* Fol ezam|de, carbonate of lime is not Bolable in pun water, 
bat this, in contact with water conlBinine carbonic acid (liks all 
natoral waters), beoomn a bicarbonate of lime, vhicb. u wiV^^a. 
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former of the above modes. Eain, as it has beep s^d, 
in sinking into the ground, makes its way either 
through the mass of the stone, or through divisions in 
it, such as laminsB or joints ; some rocks readily allow 
the water to pass, others, as clays, do not. If, then, it 
meet with a stratum which cannot be penetrated, it 
must slowly drain off, and make its way underground 
by the easiest passage, just as it would do above. By 
this means it is often brought again to light in a hilly 
country. This is the cause of a spring, as will be se^i 
from the annexed diagram. Let a b c be the section of 
a hill, ihe upper stratum of which, n, lets water pass, 
and B F a clay bed; then all the water sinking into the 
ground over the surface of b d will be stopped by e f,' 
will di*ain along its sm*face, and form a line of springs 
above its outcrop, as at e.^ Similarly, if g h and l Mbe 
porous beds wluch crop out at some distance on the 
rig^t !hand, i k, a c, clay beds, springs will break out 
half-way up the face of the hiU, and at its foot, above 
the clay beds, i k, a c, respectively. 

In mountain districts, as the Alps, it is not un- 
common to see a large spring or line of springs break- 
ing out of the face of a cliff just above some clayey 
bed of rock. Some of these may proceed from sub- 
terranean streams ; for even rivers, which flow over a 
very porous or Assured bed, are not unfrequently swal- 
lowed up. Sometimes these can be identified when, 
after a while, they again emerge, but in others all 
trace of them is lost. As these streams pass under- 
ground they, of course, dissolve and wear away the 
rock ; thus many caverns are formed, through some of 
which the stream may still be seen flowing, while 
others are dry, since the waters have found a different ■ 
outlet. 

One of the most interesting examples of the dis- 
solving power of water are the sand-pipes which may. 
be seen in many chalk districts. These are large tubes, 
more or less regular in form, often several feet ^mde 

♦ Por Artesian Wells see Note III. 
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and some yards deep, which are filled with sand or 
gravel. It is qnite impossible to attribute these to any 
other cause than water, which has slowly dissolved 








X. 8ANP-PIFB IN CBALK WITH FLINTS. 



away the chalk, and, as it were, dug a well for itself. 
As the rock disappeared the materials above slowly 
setUed down, filling up the hollow as fast as it was 
made. These pipes occur in other limestones as well 
as chalk, and even in some gravels. The swallow- 
holes, axrd curious fissures and hollows which -are com- 
mon- m many limestone districts, as, for example^ in 
the nortibem parts of Lancashire, are simply natural 
water-pipes ; in some cases a stream plunges into them, 
but many of the smaller are formed by the rain drain- 
age of A few square yards of rock. In the Eastern 
Alps are several districts, some miles in extent, where 
therfe iff not a single stream, and the rock is completely 
honeycombed with holes which swallow up the whole 
drainage. 

When the runlets are gathered into streams the work 
of destruction goes on more rapidly. Walk by the 
side of any river which is wandering through a valley ; 
why is it that at every curve the b«;a^% wi^ ^\.^^'^«t. ^xw 

D 2 
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the outside than on the inside of the bend — ^that there 
are cli£& with deep water below on the one side, slopes 
and shoals on the other? Because the stream as it 
sweeps round the curve runs more quickly — ^as you can 
easily see it must — on one side than on the other* 
striking the right-hand bank with the greater force 
when turning to the left, and vice versd. Swift i^eams 
run in direct courses, slow streams in winding, just as 
they should do if they determined their own channels. 
Some geologists still hesitate to assign to rain and rivers 
the principal part in sculpturing the earth's surfiskce, but 
all must admit that their effect is very great, and that 
once give a stream a channel, it will continue to shape 
and deepen it. Where a torrent is rushing between nar- 
row cliffs, we may often see in its bed rounded hollows, 
called pot-holes, worn out by stones, which are whirled 
round in the eddies, and may observe on the walls many 
yards above remains of similar hollows. If the stream 
made the one, and this no person can doubt, ought we to 
assign a different cause to the other, because it is now 
many feet away from the water-bed ? All we have to 
do is to make sure of being able to recognise a torrent's 
tool marks ; this done, we need not be startled at our 
conclusions. Give it time enough, and the stream can 
do the work. Those narrow gorges in the rocks of 
mountain countries — ^Dungeon Gill in Westmoreland, 
Pfeffers, Trient, Sottaguda, in the Alps (even if pos- 
sibly commenced in fissures), in their present form have 
been and are being sawn out by the streams which are 
running down them. Startling as it may seem, those 
tremendous chasms in the Colorado valley called canons,, 
where the torrent sometimes for a couple of hundred 
miles rushes between rocky walls from two to four 
thousand feet in height, have in all probability been 
sawn out in the same way. 

Let us examine more closely the mode in which this 
work of destruction is carried on. The water has a 
twofold action upon the rock over which it runs. 
(1.) By dissolving it. Many of the minerals that enter 
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into the composition of rocks — some silicates, and, 
most of all, carbonate of lime — are dissolved and 
taken np, though slowly, by water. Drop a lump of 
sugar into a tumbler of clear water; after a while it has 
disappeared and the water seems the same as before ; 
but tiie taste tells you the sugar is there, and if the 
water were dried up it would appear again. So it is in 
nature. No natural water is quite pure. Mineral 
springs have obtained their ingredients from the rocks 
through which they have passed. Spring water in 
limestone districts contains carbonate of lime, as is 
shown by the so-called ** fur*' deposited in kettles and 
boilers. All this has been dissolved out of the rock. 
Thus the stone is, as it were, licked up by the water ; 
and as these soluble parts often form the cement that 
binds together other particles which cannot be dis- 
solved, these are loosened, are washed from their set- 
ting, and carried away by the stream. 

(2.) A stream acts in another way even where it has 
littie or no power to dissolve. As it chafes and rushes 
over its bed it rubs the rock away from which it seems 
to rebound. Still more does it do this when its waters 
sweep along sand and stones — the dirtier the stream 
the faster it can saw. As you may see in any stone- 
yard, workmen saw the hardest rocks with a plate of 
iron, whose edge is kept swinging through gritty water; 
rock may be drilled by a stream of sand, directed by 
an engine ; nay, even the basalt rocks on the shore of 
Fife are poHshed by the sand as it is driven over them 
by the easterly gales. 

We may next briefly consider the effect produced in 
the form of valleys by the structure of the rock. If it 
is horizontally stratified or uniform in texture, and of a 
nature to resist weather action, a stream will simply 
saw out a groove with precipitous sides; and as the 
middle part of a stream runs quicker than the sides, 
the bottom of the groove will be rounded: so the 
gorge in section will be a taU U* ^ softer rock^'^VsMSa. 
weathers faster, the valley wi\i\>ftC0T[i<^ ^Nl • ^^i^^^^^^^ 



is, of cotirse, generally either a little roanded as befoM, 
or if the Btream be wide or change its course, the 
sectiim becomeB a ^^. In a-curring etream Uie «lope 
of the two legs of the V ^^ '^ary, as explained above. 
SappoBe, however, that the strata are not horiaobtal, 
the joints, if any (and there are almoftt sure to Be), 
will not be vertical. These dlmiona will guide the 
stream to Bome extent, and bo the one side of the 
valley will always be steeper tiian the other, and the 
stream keep edging away towieds it. A glanee at 
the diagram will Bhow that the rain oud firost wiU have 
more efiect on the sloping side than on the steep one, 
the stones being bo mnoh more eauly dieplaoed on the 




A not nncommon form of valley in monntaiti' dis- 
tricts is the Y- ^iB ^1 resnlt from tbe upper rocks 
being softer or more easily destroyed than the lower. 
Rapid streams rnn a Btniighter coarse than alow ; thosa 
endless windings are most common in comparatively 
sln^sh rivers or in veiy yielding ground, where every 
obstacle can divert the stream. Once tamed from the 
straight coarse it swings like a pendulnm and repeat? 
the carve again and again. 

Strange Uien as it may seem, we are doubtless i'ight 
^ JugezHvg that the rivers in the meiit made the valleys 
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rather than the valleyB the rivers. I mean that, thoo^ 
the original configuration of the gronnd to some extent 
determined the coarse the water should follow, the only 
tool marks now visible are those of the stream itself-^ 
not, indeed, always quite the same stream. Many vbI* 
leys, at any rate in Europe, appear to have been cut 
out by rather larger rivers tiian now run down thenu 
As, however, during the long epochs in which the wcMrk 
has been carried on, the ramfaJl, slope of the gronnd, 
and other causes that would affect the speed and size of 
the stream would be likely to alter, this is not surprising ; 
and, as you will see when you know the latter part of 
geological history better, is just what we should expect. 
It may be well to notice that the destructive power 
of rain and rivers depends very much not only on the 
amount of rain that falls, but on the manner in which ii 
falls. If, for example, a tenth of an inch of rain fell 
everyday, that would produce but little denudation; the 
rain would have no force, the streams generally run 
smoothly, and the slopes be covered with herbage. 
Suppose^ however, the whole quantity of 86J inches 
came down in about three weeks. Before this heaver 
downpour occurred, the slopes would have become dry 
and arid, with no blades of grass to break the force oi 
the raindrops, no .vigorous roots to bind the soil 
together. Suddenly every gutter would run bucketsfnl, 
the streams that had been languidly wandering along 
their stony beds would be swollen torrents, the waten^, 
headed back in narrow defiles, would pour themselves in 
floods over the country, and denudation would be rapid. 
When you read Sir Charles Lyell's great book, **THe 
Principles of Geology," you will find proofs of this. I 
will quote one. ''In the Kasia Mountains (Eastern 
Bengal) the enormous quantity of 500 inches of rain 
falls yearly, and almost all of it during six months.'** 
(Ch. XV.) This, then, is the result. "The channel of 
every torrent and river is swollen at this season, and 

* The rainfall of the east of Bnglaixd \a t^-^^i 'K) *\C!ksSo»& ^ri«Bt* 
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much sandstone horizontally stratified, and other rocks 
are reduced to sand and gravel by the flooded streams. 
So great is the superficial waste (or denudation) that 
what would otherwise be a rich and luxuriantly wooded 
region is converted into a wild and barren moorland/' 

But rivers also play a most important part in trans- 
porting materials. We might say that Nature sends all 
her goods by water. A stone under water does not 
press so heavily on the ground as it would do on land ; 
and wet surfaces are less rough than dry ; so that a 
pebble on the bed of a river requires a less force to 
move it. For example, even a stream which runs at the 
rate of 300 yards an hour can tear up and sweep along 
fine clay, while one whose pace is twelve times faster, 
wiU carry with it stones as large as a hen's egg; the 
former is less than the most sluggish, the latter more 
than the most rapid, average pace of European rivers. 
Let us follow, for a moment, the course of a block from 
the mountain side: undermined by the stream or 
loosened by the frost, it falls into the torrent which is 
leaping down its rocky bed; dashed against this, its 
angles are worn away; probably it is sooner or later 
broken into smaller fi^gments, if not, it will be stranded 
as soon as the pace of the torrent slackens sufficiently, 
and will then be worn away very sjowly by the rasping 
of sand and silt and the smoother touch of the water 
itself. Otherwise the broken parts will be carried on, 
in some cases to be again divided, in all to be gradually 
rounded into pebbles. As the slope decreases and the 
pace of the stream diminishes, now one and now an- 
other fragment will be dropped as too heavy, forming a 
new paving stone for the bed of its channel, but the 
finer gravel, sand, and silt, will be hurried on. Suppose 
now ^e river enters a lake : its pace slackens at once, 
and the materials it was sweeping along sooner or later 
settle down to the bottom. Thus the head of the lake 
is gradually filled up, a marshy plain is formed, which is 
often flooded, and tiie land slowly gains upon the water. 
This liver-rnade land is called a deltas because its trian- 
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golar shape resembles the Greek letter A. The same 
thing happens when the river enters a sea, where there 
are no strong currents. It is only a question between 
the strength of the river and the strength of the sea as 
to whether the delta will increase quickly or slowly or 
not at all ; whether or not the latter can cart away fastei 
than the former can quarry and shoot out its load. 
English rivers have practically no deltas, because our 
climate is not very favourable to denudation, our rivers 
are not strong enough to bring heavy materials, and our 
coast is swept by rather rapid tidal currents. Thus 
English soil mostly finds a resting-place deep in the 
German and Atlantic Oceans. But many of the great 
foreign rivers have large deltas, which you at once see 
on any good map, as the Bhone, Po, Nile, Mississippi, 
Ganges. Egypt, ** the gift of the Nile,'* is little more than 
one great delta. That of the Ganges (with the Brama- 
pootra) is about 216 miles from the sea at its head and 
224 miles wide at its base. The marshy uninhabitable 
part alone is as large as Wales, through which the river 
pours its waters in eight great channels. To give some 
idea of the great extent of this river portage, Sir Charles 
Lyell tells us it is estimated that not much less than six 
thousand four hundred million cubic feet of solid matter 
is every year poured into the Bay of Bengal, enough to 
make forty-two hills as big as the Great Pyramid, or to 
cover 172 square miles with a coat of mud one foot thick. 
Besides this, the rivers carry a considerable quantity 
of mineral matter (chiefly carbonate of lime) dissolved 
in their waters. Hagen* estimated that the Bhine 
every year carries into the sea enough carbonate of lime 
to make 88*2,589 millions of full-grown oyster-shells. 
This mineral matter is not generally deposited from the 
water, but is separated from it by various living crea- 
tures, which thus are able to form tibeir shelly coverings ; 
these, when they die, sink to the bottom, and help to 
form the limestone of the future. 

♦ Biflchof, "Chemical and PbyBical Q^lo^,** ^cJi.\.^.^^» 
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!Che sea is another important agent of change. Its 
waves. batter down the ramparts of the land, its currents 
sweep the. fragments away, its tranquil depths receive 
at last the materials. Its waters are never at rest ; the 
g^e lashes them into angry billows, and on the calmest 
day ** Oceian's cheek" is "ever dimpling." 

As a destructive agents it acts chiefly by the force of 
its waves; marine denudation, therefore, takes place 
mainly on exposed coasts, in sheltered inlets it is very 
trifling. In the Norway fjords, rocks smoothed (as will 
be presently described) by glaciers long ago melted 
away, may be seen sloping down to and below the 
margin of the water. Yet on that same coast, when^ 
ever a. headland is rounded which is exposed to the full 
forca of the Atlantic rollers, there is an instant chaii^e 
in the scenery, and, as at Stadtland, or on the western 
coast of the Lofoten Islands, the curving domes of ice? 
worn rocks give place to steep cliflis rifted and torn, as 
though by the claws of some sea monster. Many parts 
of the English and Welsh coasts show the power of the 
sea. .. The .Scotch, as at Ardnamurchan Point and the 
Mull pf Cantyre, exhibits it almost as well as Norway. 
Nowhere, however, is the force of the waves greater 
than on the storm-beaten headlands of the Pentland 
Firth. Here, as Professor Geikie tells us,* the waves 
have been known to '* run bodily up and over the 
• vertical. difls, 200 feet in height, lodging portiotis of 
wrecked boats, stones; seaweeds, &c., on the top.**^ 
Thiey have *' torn up masses of rock, sometimes 8J toiis 
m weight, and have heaped them together at a; height 
of no less than sixty-two feet above high- water mark.'' 
They have quarried blocks at least as large out of their 

• "Scenery and G^eology of Scotland," p. 61. A delightful book, 
wnich will give the student mndi valuable and suggestlye informa- 
tfaa. 
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beds, at a level from seventy to seveiity-foar feet above 
the sea; some at lower levels they have hurled over 
'< abrupt opposing faces of rock as much as seven feet 
in height '' nearly £ve-and-twenty yards inland ; others 
they have shattered into fragments^ 

The cliffs are scarped into strange fantastic shapes, and 
pierced with deep caves. Here and there ridges harder 
than the surrounding rock have held out longer than it 
against the repeated assaults, forming reefs and skerries. 
These are worn into ruinous heaps, and sometimes abso- 
lutely breaclied by the waves. . lix one district of Skye 
the rocks are intersected by numerous dykes ; these in 
one part have yielded to the billows,* so that the cliff 
looks like a row of towers, in another they have resisted 
and stand out like walls. Instancies of this wave-power 
may be found on every rock-bound coast; the chalk cliffo 
of Dover, Flamborough, and Freshwater, the limestone 
wall of Portland Bill, and the Great Ormeshead, — hon* 
dreds of others too numerous to mention, especially on 
the western and south-western shores of Britain, — ^have 
all been quarried out by the waves. The Needles^ in 
the Isle of Wight, just as the Arch and the Stag's Leap 
at Freshwater Gate, are fragments that the sea hacr not 
yet devoured. On the last rock a patch of turf still 
remains, corresponding in all respects with that oin the 
edge of Alton Down, which is now some hundred yards 
away. 

The annals of many places tell us how the ocean* is 
making slow but sure inroads upon our coasts, and this 
« little jewel set in a silver sea'' is being slowly corroded 
by that setting. Some day you may have the oppor- 
tunity of reacUng them in detail in Sir Charles Lyell'g 
great work, where he traces the action of the sea round 
our coasts. I will now quote, and that very briefly, only 
two instances. The cliffs at Sherringham in Norfolk are 
destroyed at the average rate of at least a yard a<year. 
In 1829 there was at one place in thd harbour water 

* S(Be Diagram VIII., where the action of the wavea laa«. «Aft^ vcw 
clearing out the dykes, so that the leii.-Taan:6i"\Ao^\a ojQCL\»Ssi^iai^^^» 
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twenty feet deep, where only forty-eight years before 
there was a cHff fifky feet high with houses upon it. 
Reculver Church, on the Kentish coast, now stands on 
the brink of a cliff about twenty-five feet high. In 
Henry YIII.*s reign it was nearly a mile inland. A 
drawing published in 1781 shows that a considerable 
strip of laiid, with two buildings upon it, even then lay 
between the church and the sea. Part of the church- 
yard was washed away in 1804, and the church itself 
would have gone long ago, if, owing to its value as a 
landmark, the base of the cliff had not been protected 
by a sea-wall. 

The sea destroys principally by battering ; its waves 
in violent storms have been known to dash upon the 
coast with a force of three tons on the square foot. It 
tears, as above described, great blocks from their bed, 
shatters them to fragments and hurls them again and 
again against the cliffs, which thus furnish weapons 
for their own destruction. Frost and other natural 
agents also detach blocks, and so aid in the work of ruin 
and supply of artiUeiy. Sometimes, however, it hap- 
pens that these rather impede the^ work ; the blocks may 
fall from the cliffs faster than tlie sea can grind them 
up and sweep the grist away ; then a talus or slope of 
rock is formed at the base of the cliff, a natural break- 
water, which the waves must breach before they can 
again begin to undermine. 

Some effect, no doubt, the moving water alone has, 
but this does not seem great, for even on exposed head- 
lands the rocks are often clothed with seaweeds and 
corallines, which could hardly establish themselves if — 
as in a torrent bed — ^the whole surface were being worn 
away. The water also, in the case of some rocks, may 
dissolve away, and, as it were, rot them, but sea water 
appears to have, in some instances, quite the contrary 
effect. Hence we regard the sea chiefly as destroying 
by battering. The fragments broken from the land are 
swept along by the currents and worn into pebbles, 
ADd nltimately into sand. The process may be easily 



CUBBENTS. 61 

watched on any shingly beach. Each wave that breaks 
drives the pebbles upwards with a dnll crash, and as it 
retreats draws them rattling downwards. If ever yen 
have ''eight hours at the seaside" spend a little of 
them in watching the angular flints from the Sussex 
cliffs ground into smooth pebbles on the Brighton 
beach. 

The waves are principally raised by the wind; without 
that the sea would have little destructive power, but it 
transports materials chiefly by currents. These are to 
the sea what rivers are to the land. Space does not 
allow us to enter in detail upon their cause and history ; 
for the present it must suffice to indicate very briefly 
their principal causes and general extent. 

Tides are one most important cause of currents. 
Twice a-day, as any book on astronomy will explain to 
you, the joint attraction of sun and moon causes a 
great flattened wave to traverse the ocean. In deep 
open seas this probably does not give 'rise to many cur- 
rents, but nearer land, where a gradually narrowing inlet 
and shallowing shore hems in the tide wave and in- 
creases its effects, a difference is produced between high 
and low water of thirty, forty, or even (in a few 
eases) more feet.* This great change in the level of 
the water cannot take place without producing consider- 
able currents, by which the materials from the coast 
will be transported. Again, since in hot regions the sun, 
as was said above, pumps up the water; that from 
colder districts, where this process does not go on so 
fast, must flow in to supply the place. 

For example, it is calculated that the sun every year 
removes a layer of water, eight feet thick, from the Bed 
Sea. Hence the Bed Sea must either gradually be 
drying up, or water must flow in through tibe Straits of 
Bab-el-Mandeb to maintain the leve]. Again, sea water 
when warm occupies more space than when cold, and so 
bulk for bulk is lighter ; this must cause currents in the 

* Abont the fp:ea.test known difference between high and low 
water is 70 feet, in the Bay of Fundy, Nova Soot\&. 
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80a» just $s a fire makes dranghts in a room. Again, the 
water of %he sea is from various causes not equally salt 
throughout ; this also makes a difference in its weight, 
^d, as hefore, may produce currents. Long continued 
winds are prohahly a very important cause of currents ; 
fh Gftrong wind can push the water hefore it and heap it 
up. Smeaton found that a wind blowing along a canal 
four miles long made the water at one end stand four 
ilLches higher than at the other. When the wind ceases 
the water will of course flow back again. Other cur- 
rents are produced by rivers flowing out to sea. For 
instance, the stream of the Amazon has been detected 
running tiuree miles an hour, 800 miles away from its 
mouth. 

These, and perhaps other causes, produce a constant 
circulation of water in the ocean. Probably ihere are 
Itut few places — deep pit-holes— »where the water is. 
absolutely stiU. Many of these currents must have con- 
siderable denuding force as well as transporting power. 
They run at intervals with not , a little speed. The 
Race of Alderney goes at the rate of eight miles aa 
hour ; the eflect on the surface of the water is so 
marked that the sailor who comes upon it in a fog at 
once knows whereabouts he is. The stream in the 
Pentland Firth, the Bristol Channel, and the Magellan 
Straits at times reaches a pace of fourteen miles an 
hour. The Crulf Stream, one of the best known and 
most important of ocean currents — a river of warm 
water which pours out of the Gulf of Mexico, and comes 
across the Atlantic, aflecting more or less the climate 
of our own coast* — ^runs at first firoin three to four 
miles an hour. All these, then (p. 56), could do much 
more than sweep along coarse gravel.. Still, it is pro- 
bable that the denuding action of the sea does not 
es^tend to any great depth ; in the most violent gales 
the sea is believed to be tranquil at a depth of from two 

* How far the comparative mildness of tho winters of the west 
coasts of Bntaim and Norway is dne to the Golf Stream i is etiU a 
matter of dispnte. 
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to three liandred yards, so that these ocean rivers, like 
those on land, are comparatiyelj superficial. Beneath 
them is only the gentler motion of the oceamc ciro^la- 
tioti^ which, however, can still transport the finer mate- 
rials, bat has little or no abrading power.* 



CHAPTEB VI. 

We have now to consider the modes in which water 
acts when it passes, or has passed, from the fluid to tiie 
solid state. Water, in becoming ice, occupies mneh 
more space, .increases in bulk by about one-tenth. Ten 
cubic inches of water become about eleven cubic inches 
of ice ; this change of bulk is very rapid, and thie fdrce 
exercised immensely powerful. Leaden pipes, as we 
bften know to our cost, are ripped tip as if they "were 
so much paper ; even iron bomb-shells, an inch thick, 
filled with water for the experiment and securely closed, 
have been burst asunder. In climates colder than 
our own the ice-wedge is one of Nature's most power- 
ful carving tools. Water soaks into rocks, and then 
in freezing breaks them up; Quarrymen, in many 
cases, find the frost splits slates for tibem better than 
any of their tools. You may often see large pieces 
flaked off the stones in buildings, and in Canada even 
granite must be painted to keep out the water, other* 
wise it will be destroyed when the winter comes. The 
heaps of broken rocks that lie beneath precipices are, 
to a grekt extent, the chips from the ice-tool in Nature's 
workshop ; and the jagged ridges and fantastic peaks 
about the summits of lofty mountains are mainly 
sculptured by this one force. 

* This, the gradual transference, of vast bodies of water hx>m cold 
to warm regious, and vice versd^ producing what has been wellcaUed 
this Oceanic circiilation, is principally due bo difference of tempera- 
tore, and has been the subject of much careful investigation, during 
the last few years, by Dr. Carpenter and others in the Deep-Bea 
Dredgiligs. 
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There is, however, another way in which icie acta 
more conspicnonsly, thon^ £&r more locally, than as 
above ; this is by what is called a glacier. A glacier 
is produced as follows: the water which has been 
pumped np into the sky as vapour, descends from it 
when the air is cold enough, not as rain, but as snow. 
Suppose, now, the climate of Wales were to become 
colder, then the snow which every year falls upon 
Snowdon would remain longer and longer each summer 
in sheltered places, just as it now does in the crevices 
on Ben Nevis. As the cold became more severe, the 
snow would lie deep at the heads of the glens, and be 
largely increased every spring by what slipped off the 
peaks when thaws came ; the mass of snow thus ac- 
cumulated would gradually be changed into coarse ice» 
partly by the water which trickles down when the top 
melts in the sun, and is again frozen below, partly from 
the pressure of the upper layers on those below ; for 
pressure alone converts snow into ice, as boys know 
practically, for they harden snowballs by squeezing 
them in tiieir hands when they wish to take an especi- 
cially vicious shot. 

As this bed of frozen snow increases in size, it is at 
last no longer able to rest upon the sloping bed of the 
valley, but begins to move very slowly downwards. We 
tannot now enter upon the precise cause of this motion 
— it is a difficult question, and one not yet quite settled. 
It is enough to say that the mass does not exactly slide, 
that is, it does not move more quickly as it descends : 
it rather " creeps" down-hill. The pace is not rapid, 
rarely exceeding a foot in a day. The motion in many 
respects resembles that of a river ; the middle part 
moves rather more quickly than the sides, the top ^an 
the bottom ; this inequality of motion, and the changes 
of level in the bed of the valley, of course put a strain 
on the ice, under which it readily breaks^ so that in 
many parts it is rent by chasms (called crevasses) again 
and again into a labyrinth of icy crags. In the course of 
its descent down a valley of variable shape, the mass ill 
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repeatedly squeezed together in passing through nar- 
rower parts, and thus rendered more and more solid. 
Two blocks of ice, as Faraday discovered, quickly 
freeze together, if the surfaces in contact are wet. 

Like a river, the glacier acts both as a destroyer and 
as a remover of material. Its burdens, however, are, 
to a large extent, borne on its surface, instead of being 
swept along the bottom. We will, therefore, consider 
this part of its work first. Fragments of rock are 
swept down in the snow-slips (csdled avalanches), or 
roll down the clifis and slopes on the side of the valley ; 
they fall on the edge of the ice-stream, and are slowly 
borne along by it ; thus the glacier has always a ragged 
fringe of stone, like a selvage ; this is called a moraine. 
When, as is often the case, two glens unite, the glaciers 
in each come together and form one stream ; the 
moraines on the inner edge of each are joined, and 
form a single moraine, running like a track down the 
ice-stream. The sun, of course, melts the surface of a 
glacier, and as the stones of the moraine, when abun- 
dsmt, shelter the ice below, they gradually form an 
elevated ridge, consisting of blocks of all sizes, from 
as large as a cottage downwards. Some of these arq 
not unfrequently engulfed in passing over crevassed 
portions of the glacier, and isolated blocks becoming 
detached form what are called glacier-tables. At last the 
glacier yields to the sun's rays, is melted away, and 
drops its stony burdens in a confused heap at its foot. 
This pile is called a terminal moraine. 

We have next to consider the effect of a glacier in 
wearing away the rocks. So large a mass of ice cannot 
slide over the bed of a valley without to some extent 
wearing it away; and this abrading power is much 
increased by the stones which are engulfed, crushed 
and ground to powder between the ice and the rock 
below. The fa.ce of the underlying rock is thus worn 
away as by a great file, projections are broken off, 
rough places are smoothed. A peculiar curved, some- 
times even polished surfieice, is thus prod\SLC^\ ^s^*^^ 
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rocks over wliich a glacier has passed have a bos£fy 
rounded outline, which, from its resemblance to a 
sheep's back, has gained them the name of Bodies 
moutonnees. Larger or harder fragments than usual, 
when frozen into the ice, scratch the smoothed surface 
of the rock over which it passes, and these marks 
will indicate the direction in which the glacier has 
moved. 

Furthermore, as a glacier cannot quickly adapt itself 
to a change in the form of its bed, &e face of a rocky 
step looking down the stream will often escape un- 
touched ; and thus, in cases of doubt, will indicate 
which way the ice was moving. 

If then the cHmate become warmer and the ice has 
disappeared, we can still infer that a glacier has pn<;e 
existed, by — 

(1.^ Moraines, lateral and terminal. 

^2.) Isolated blocks, dropped during the retreat, 
which are often stranded on projecting rocks. These 
are called perched blocks {Blocs Perchees), 

(3.) Bounded, smoothed, or polished rocks. 

(4.) Scratches and grooves on the smoothed surfaces. 

Now we may anticipate matters somewhat by stating 
that this has actually happened. There was a period^ 
comparatively recent in geological history, when, at 
any rate in the Northern Hemisphere, the glaciers were 
far more numerous and greater than they now are. 
The glaciers of the Alps extended many miles be- 
yond their present limits; for instance,* the Bhone 
glacier has deposited blocks from the eastern end of 
the Mont Blanc chain upon the slopes of Jura, high 
above Neuchatel, and the lakes of Switzerland and 
Northern Italy have once been filled with ice. Scot- 
land had glaciers reaching down to the sea. The 
English Lake District and Wales had large glaciers, 
perhaps even some of our lower hills. All about the 
above districts you may come upon the trail of glaciers, 
in many places as distinct 9fi though they had but just 
melted away. 
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Here perhape yon may mqnire, Water also Bmooths 
the Enriacea which it ytears away : how shall we know 
the difference ? and again, How are we to know mo- 
raines from mbbish heaps &11en from cliffs, ot deposits 
brought down by flooded streams, or distinguish trno 
perched blocks &om those that have rolled into the 
valley from some cliff high up on the monntain-side ? 

Tho following tests will help yon to decide in cases 
of doubt : — 

(1.) Water " digs ont " the rock much more than a 
glacier ; water-marks are like this -^, glacier marks 
like this -^; the one makes "pot-holes," the other 
bosses. 

(2.) Morabos are generally ridge-shaped ; the frag- 
ments of rock in them are usually sharp-edged or but 
little worn, and are not rounded into pebbles: thus 
differing from stream deposits; they often consist of 
materials quite different from the rock on which they 
lie ; so that sometimes even a schist will be upon lime- 
stone. Had a stream brought them to their present 
place they would have heen much more rounded ; had 
they fallen from cliffs above they would correspond with 
the rock in these. 




(3.) The same test will help ns to recognise troe 
perched blocks. These also commonly He in positions 
to which it is impossible they could have rolled, as qb. 
projecting bosses of rock far awa.'s &o"m wn-^ OefSa, «t 



68 IGEBEBGS. 

on slopes where they could not have stopped if once 
set a rolling. 

We have not, however, yet quite done with glaciers. 
When they come down into the sea, as in Greenland 
at the present time, large masses hreak oS and (as ice 
is lighter than water) float away. These icehergs, as 
they are called, are sometimes from one to two miles 
round and full a thousand feet thick. Often huge 
pieces of rock are resting upon them, and so are carried 
ahout, till, as the ice melts, they drop to the hottom of 
the sea. Every year a fleet of icehergs sails from 
Baffin's Bay, freighted with specimens of Arctic rock, 
and drops its stony loads into the Atlantic Ocean. 

Again, as these icehergs occasionally get aground, 
they may disturh and plough up soft mud, or even 
somewhat wear away hard rocks at the hottom of the 
sea. This effect, however, is hut local, and prohably 
is not generally of great importance. Shore ice also 
(ice which has formed on the sea-shore), like a raft, 
carries off stones that have been frozen into it, and dis- 
turbs the position of others. 

It is maintained by some scientific men of eminence 
that glaciers have great excavating power, and that the 
lakes in mountain regions — as for example the Alps — 
were to a large extent hollowed out by them. 

In the present work I can do no more than mention 
this opinion, and state my own conviction, founded on 
many years' experience in mountain regions, that the 
excavating power of a glacier is comparatively small. 
To do more than this would require too much space, 
and the question is one rather for the advanced 
student. 



CHAPTER VII. 

These, then, are the several natural agencies by 
which from epoch to epoch, often silently and imper- 
ceptibly, the surface of the world is changed. Earth 
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forces raise portions of the globe above into great 
wrinkles ; the sea, like a huge plane, shaves away 
league after league of the land thus brought within its 
influence, paring, down the projections, and tending to 
bring all to a uniform level. Thus, without the sun 
and the rain, the river and the glacier, we should only 
have the rolling swells of upraised land, or the level 
plains of marine denudation. These other forces, the 
river saw, the chisel of heat and frost, the ice wedge, 
the glacier file, fashion for us the varied outlines, 
which give the earth so much of its beauty. Working 
away, " without haste, but without rest," they have 
carved out the peak and hewn out the precipice, have 
cleft the gorge and ploughed out the vaUey, have 
clothed the slope with soil, and spread abroad the 
fertile meadows. 

As the earth is now being changed, as soil is now 
being taken from one place to be given to another, 
so has it been in past time. The various <' formations" 
which we are presently about to describe are the ruins of 
others that have gone before, quarried and transported 
by the same forces which are still at work. As the rivers 
now bring down gravel, sand, and silt : as the breakers 
and ocean currents convey the same from every coast, 
so was it in past time; and as these are stiU being 
arranged in deltas of rivers and in depths of the sea, 
so were they formerly. 

Before, however, proceeding to sketch very briefly 
the history of the earth and its inhabitants, it may be 
worth our while to call attention to one or two points 
with reference to the order in which these materials, 
brought by currents of river or sea, must necessarily be 
arranged. We described (p. 56) the manner in which 
a river swept along its materials, dropping its heavier 
burdens first. If, tiben, a stream or current enter some 
great sheet of water, and thus be obliged to flow less 
swiftly, it wiU of course drop first the pebbles, then the 
sand, then the clay. Beyond this last, tlift otJc^ ^^0*. 
that can be formed must be by ftie Axvm^ To<2t"\s^^^5c^ 
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which will be described in the next chapter. Thus 
we may expect to find the deposits (as indicated on 
page 56) aiLiged, as we proceed from the river mouth, 
in the following order : conglomerate, sandstone, clays, 
and limestone. It is, therefore, important to notice 
that the mineral character of a stratum may change 
greatly as it is followed across several miles of country ; 
&at which was a conglomerate at one end becoming a 
limestone at the oti^er. But this is not the only 
change. The coarser materials are deposited rapidly 
at once when the pace of the stream is diminished ; 
hence the rock here will increase much flEister than it 
will at the spot where comes but little sediment, and 
that very fine. A deposit under these circumstances 
will be wedge-shaped, since its top and bottom gradually 
come together, and thus may sometimes, when followed 
for a considerable distance, completely disappear. 
This is called thinning out, and is a matter often of 
great importance in Geology. 

A few words may also be added on the preservation 
of fossils. But first you, perhaps, may ask What are 
fossils? They are remains, or traces of remains, of 
plants or animals, which we find buried (Latin, fossus) 
in the crust of the earth. Thus not only are shells, 
bones, plants, &c., called fossils, but also the casts of 
these or the footprints of animals. Now fossils are 
preserved in various ways. Sometimes they are merely 
buried so as to be protected from any destructive 
action, as when shells are covered up in a clay through 
which water cannot pass. Such shells, &c., are pre- 
served, but they are in no way petrified or turned into 
stone ; they remain as they originally were^ carbonate 
of lime and animal matter, except that a good deal of 
the latter is always lost. Sometimes also they are en- 
closed in stone without being petrified. This is the 
case with fossils encrusted with tufa thrown down by 
the water, which are preserved just as are the birds' 
nestSi &o., at petrifying springs. In other cases, how- 
ejw, ^^ mineral condition of the fossil is changed. 
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while its structure is preserved. Water, with some 
mineral dissolved in it, acts upon the fossil, penetrating 
into every cavity, so that, instead of being a crumbling 
shell, it becomes a solid stone, wh^ch breaks like a 
crystal of calcspar. In many cases this process seems 
tq have been begun rather soon after death, as the 
most delicate parts of the fossil are preserved, as if 
they had been injected with the petrifying a^ent before 
they could even shrink up or show signs of decay. Some- 
times, however, the water actually dissolves and re- 
moyes the shell, but leaves in the hardened rock 
around an exact model of , the form which has been there ; 
an^ sometimes, while destroying the shell, it leaves for 
every atom removed another atom of some mineral 
which it has previously dissolved, so that a perfect 
model, correct to the minutest point, is constructed 
in ,^ different material. Calcspar, silica, iron pyrites, 
and phosphate of lime, are the minerals which Have 
generally produced petrifaction, the first two being 
much the commoner ; and the latter of them especially 
given to this process of substitution. 

The tracks of animals are, not unfrequently, well 
preserved, and are, as was said, ranked among fossils. 
Sometimes we are quite at a loss to conjecture what 
creature could have produced them ; at others we can 
make a tolerable guess at its shape and habits. Closely 
allied to these fossils, though not exactly falling 
under our d^^nition, are some marks in rocks which 
tell us what was taking place when they were deposited. 
If you walk now upon a sandy or muddy shore you 
will .often see cracks where it has shrunk in drying, 
or .flat, wave-like marks which have been made by the 
rippling water-ripple-marks, as they are caUed; «md 
after a shower of rain, Uttle pits formed by the falling 
rain on the soft surface. All these may be seen in 
rocks, even in some of the oldest ; thus telling us that 
even in those far-off days the sun shone, the rain fell, 
the winds blew, the waters rippled, ebbed, and flowed, 
just as they do at the present time. 
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CHAPTER Vm. 

We have already described the principal classes of 
rocks of which the earth's crnst is composed. There 
is, however, one class, which is nsnally included with 
the Aqueous rocks, but is sufficiently interesting to 
require some separate notice. This contains the rocks 
wluch consist wholly, or almost wholly, of the remains of 
plants or animals, and thus, as composed of organisms, 
are often called the organically-formed rocks. The mine- 
rals of which they consist are* carbon, silica, and car- 
bonate of lime. Plants have given the first ; animals 
have furnished much of the second, and almost all the 
third. 

Carbonic acid gas is present in the air and in water; 
plants, as it were, feed upon this, — ^in chemical language 
decompose it, liberating the oxygen and retaining the 
carbon. Their remains under favourable circumstances 
accumulate, and thus a rock may be formed. This is 
now going on in peat-mosses. These are formed by 
vegetable growth : in the northern hemisphere by a moss 
called sphagnwnif the upper part of which grows while 
the lower dies. They are confined to temperate and 
cold regions ; none exist in the tropics, since, notwith^ 
standing the luxuriant vegetable life there, the sun is too 
hot to allow of a growth of this kind. Of greater com- 
mercial value than peat is coal. This, though now a 
hard rock, is under the microscope shown to be formed 
almost wholly of the remains of plants. In Britain * 
it is very nearly confined to one geologic period ; this, 
however, is not the case in other parts of the world. 
The seams of coal, varying from a few inthes to a few 
feot in thickness, are interstratified with sandstone, 
shale, &c., commonly of fresh-water origin, and as they 

* At Brora in Satherland there is a fairly good coal-field belong- 
ing to a much later epodi than those of England. Lignite, of com- 
parativelj recent geologic age, is obtained at Bovej Tracey (Devon- 
slthv). 
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are always nnderlaid by a clay bed, and are, to a large 
extent at least, composed of plants which grew on the 
spot, they were probably somewhat similar to our peat- 
mosses, and are the remains of swamps about lagoons 
or in the deltas or estuaries of large rivers. 

Persons regarding only the English coal measures have 
thought that they were formed when the earth was at a 
hothouse temperature and the air unusually full of 
carbonic acid gas. The fact that great heat is now 
unfiavourable to the formation of peat beds is opposed 
to one of these ideas, the remains of animals found 
in them to the other, and that they occur in various 
geologic periods to both. A temperature such as now 
prevails in New Zealand would probably be quite high 
enough. The different varieties of coal — Anthracite, 
Oannel, or Parrot Coal, Caking Coal, &c, — depend upon 
the amount of oxygen and hydrogen present with the 
carbon,* and these upon causes which have affected 
the beds since they were first formed. Into this part 
of the suliject we must not now enter. The more modem 
coals are less valuable, and generally go by the name of 
Lignite or Brown Coals. 

Silica, we said above, is frequently present in plants, 
as in straw and the stems of the bamboo ; and beds of 
rock of considerable thickness are sometimes wholly 
formed of the remains of exceedingly minute vege- 
tables, called DiatomacesB. These have a sort of 
framework or skeleton of silica, often most beautiful 
in structure, though so minute that several millions 
of them are contained in a cubic inch of rock. This 
rock is called Tripoli, and is worked as a polishing-stone. 

♦ The following table gives the percentages of Carbon, Hydrogen, 
Oxygen, and Ash (chiefly the earthy matter in the coal), of some 
of the varieties of English coal : — 

c. H. O. ASH. 

B. Wales Anthracite 92-56 3-33 2*63 1*68 

WiganCannel 84-07 5-71 7-82 2-40 

Northumberland (caking) ... 78*65 4-65 14*21 2*49a 
S. Staffo]:dshire (non- caking) 76-40 4*62 17-43 l'55a 

Bovey Lignite 66-31 5-63 22 86 tW^ 

(a) Sulphur 0*65. (6) Sulphxa t?/^ \ m'oo^xi.^^tfl . 
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A more familiar organic silicions rock is flint or 
chert : these being essentially the same rock, but the 
former the purer variety. It occurs in nodules and 
layers in limestone. Now many sponges and other 
organisms belonging to the animal kmgdom have a 
flinty framework. None of them belong to the more 
highly-organised part of it, yet, for all this, they are 
often exquisitely beautiful. The lovely Venus* Flower- 
basket,* which resembles a cornucopia of spun-glass, 
is the framework of a silicious sponge, and many other 
sponges are full of minute flinty spines of various forms 
(p. 108). Flints, the formation of which was so long a 
puzzle, are no doubt in some way or other produced 
from the materials suppUed by sponges, aided by these 
other organisms, animal and vegetable. 

Dissolved carbonate of lime is carried, as we said 
before (p. 67), into the sea. The amount of carbonic 
acid present in the water is more than sufficient to 
prevent this mineral from being deposited, as some- 
times takes place with what are called petrifying 
springs, and it is separated from the sea by animals. 
Here, also, the principal rock-formers appear to be the 
less highly-organised; for beds, composed largely of 
what are popularly known as ** diells," are rare. 

One great rock-builder is the coral-animal — ^a near 
relation of the ''sea anemones" common on our 
coasts. There are corals in all seas, but the reef- 
builders are found only where the water is warm, clear, 
and not deep. The coral-reefs are distinguished ac- 
cording to the mode of their occurrence into Fringing 
reefs, Barrier reefs, and Atolls. J£ corals establish 
themselves upon the shelving shore of an island, 
they will gradually grow upwards to, or very near, the 
surface from all depths less than twenty-flve fathoms. 
Thus what is called a Fringing reef will be gradually 
formed about the coast, the breadth of which of 
course, to a considerable extent, depends upon the 
slope of the shore. Suppose, now, the iskmd sink 

* EtqtlecUUa tpedosa. 
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very gently downward, the coral will continue to grow 
upwards, layer forming upon layer ; but as the water 
near shore may be less pure and thus less favourable 
to the coral growth, a channel between the highest part 
of the reef and the coast will gradually be produced, 
and so the Fringing reef in time become a Barrier reef. 
If the Fringing reef be formed about a small regular- 
shaped island, then, as the ground sinks, a ring-like 
Barrier reef will be formed, and when the island has 
wholly disappeared, this reef — a ring of coral enclosing 
a lagoon of salt water — ^is called an Atoll. 




XIII. FORMATION OF COBAL BEEFS. 

The shaded part a b represents an island ; op, q b» b t, successive 
levels of the sea as the island sinks. Then, when the sea stands at o p, 
c n represents a Fringing B«ef ; when it stands at q b, b f represents a 
Barrier Beef; and when at s t, a h represents an AtoU. 

To give some idea of the importance of the coral as 
a rock-producer, it will be enough to mention that reefs 
and atolls abound in the Pacific and parts of the West 
and East Indian Seas; and that the Barrier reef off 
the north-east coast of Australia is about a thousand 
miles long, and at an average distance from shore of 
from twenty to thirty miles ; the depth of this channel 
varying from ten to sixty fathoms, while the soundings 
just outside the reef are sometimes more than 800 
fathoms. What a huge rocky wedge this would be if 
we could see it upraised above the water, covering, 
as it does, an area not much less than that of Ireland I 

But there is another rock -builder, far less con- 
spicuous, though at least as important. Quite at the 
bottom of the series of living creatures that make up 
the animal kingdom, are what are called the Foramini- 
fera : we can give them no simpler name, because they 
are too small to be generally noticed. They are mere 
specks of brownish jelly, eiLten^g, \\»^ voXa ^sssoi^ 
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irregular threads. Yet this living jelly — " sans eyes, 
sans teeth, sans everything" — forms a tiny house or 
"shell" of carbonate of lime, of the most wonderful 
beauty. Many of these are like minute copies of 
spiral shells, so that older naturalists classed some with 
the nautilus, from which they were at least as far 
removed as that is from a monkey. Delicate as their 
coverings are, we can detect them by thousands in 
many limestone rocks. Chalk is made of them and of 
fragments of coral, shells, &c. I have a number of 
microscope slides before me which show that a very 
large portion of it is simply *' dust that was once 
alive " (see figures on pages 108, 114). 

Much light has been thrown on the formation of 
flint and chalk by the recent Deep Sea Dredgings ; and 
Dr. Carpenter tells us that in many parts of the Atlan- 
tic, down in the depths, a mud is forming, consisting 
almost wholly of Foraminifera. This, when dried, is 
very like chalk; some, indeed, of the Foraminifera 
can hardly be distinguished from those which occur 
in that formation; with these he dredged up m%ny 
silicious sponges, so that probably at the present 
moment chalk and flint are being formed in the deep 
sea that lies between us and America. 

In concluding this part of our subject, it may be 
well to pass in review very briefly the results of the 
previous chapters, so far as they concern the formation 
of rocks. We can hardly doubt that the first-formed 
rocks were igneous, even if they did not resemble any 
that can now be formed ; and that from the ruins of 
these, or of later igneous rocks, all other rocks must 
either directly or incfirectly have been built up ; — directly 
by the fragments broken off by the natural forces which 
have been described in Chapters III. to YI., or indirectly 
by the remains of living creatures which have pos- 
sessed themselves of minerals derived, at some time or 
other, from igneous rocks, as explained in Chapter lY. 
2Zas we might ciassify tiie various rocks which now 
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compose the earth's crust under three heads : Igneous^ 
those which have cooled down from a melted state ; 
Aqueous J those which have been deposited under water; 
Aerial, those which have accumulated in open air. Of 
these, the materials of the second and third have been in 
some way or other derived from the first ; and the last 
(which is much the smallest), includes such deposits as 
hills of blown sand and heaps of stone fallen at the feet 
of precipices. 

Again, we might regard rocks from another point of 
view and classify them as cliemicaly mechanical^ and 
organic. The first would include all those rocks formed 
solely by chemical action, whether by cooling down 
from a molten state, like Igneous rocks, or thrown 
down — ^precipitated — ^from water in which they have 
been dissolved, as happens with ^ome fresh-water lime- 
stones. The second would include all rocks formed 
by the forces of nature from previously existing rocks ; 
and the third, all which had been formed by the agency 
of living creatures from minerals in a state of solution. 

Further, whichever way we classify the rocks, we 
must remember that every one of them may be altered 
after it has been formed, so that each class has its 
corresponding metamorphic rock ; though, in this case, 
very often it may be difficult, if not impossible, to dis- 
tinguish the one from the other. This subject, how- 
ever, is too difficult to be pursued frirther at present ; 
only remember that all rocks, however formed at first, 
may be much altered afberwards, and that the principal 
agents in this alteration are heat, pressure, and water. 



CHAPTER IX. 

We have now arrived at the third great division of our 
subject, the life history of the earth. Hitherto we have 
only investigated the nature of its materials, and the 
forces which have given them shape, without le^^^ ^^ 
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their relative age, or to what they can tell us of past 
events. The rocks have already shown ns that the 
earth has long heen tenanted by living creatures. They 
must now be asked what these were like, in what order 
they came, how far they differed from, and how £ur 
resembled, those which now exist. As in the first part 
of our subject some knowledge of chemistry and 
mineralogy was indispensable to any real progress, so 
the student of this must have at least some acquaint- 
ance with the elements of zoology. 

Fossils are the hieroglyphics, graven on the rock, 
which, when decyphered, reveal to us the earth's history. 
Hence, if they are to be more than mere " curiosities,** 
we must know enough of living creatures and their 
structures to understand what they are and what they 
mean. The science which investigates the nature of 
fossils is called Palaeontology (palaios old, onta beings). 
It is a branch of zoology and comparative anatomy which 
concerns itself rather with the extinct than with the 
surviving. Let me therefore advise you as soon as 
possible to buy some text-book of zoology, and, though 
it will cost you a little trouble to master its contents, 
especially if you cannot get ready access to a museum, 
you will be well repaid in the end. 

I cannot attempt to give you any clear idea of the 
life history of the earth — ^the subject of the concluding 
chapters — ^without sketching out broadly the principal 
divisions of the Animal Kingdom. Perhaps IJie same 
should be done for the Vegetable ; but as Plant remains 
are much rarer than Animal, and are much more 
difficult to classify owing to their less perfect preserva- 
tion, we may venture to leave this part of the subject 
for the more advanced student. 

It is found that animals differ in the possession of 
parts more or less specialised — ^namely, which are used 
for one or more particular purposes — and that these are 
arranged upon a few definite plans. All known ftnimftls 
are constructed upon six types or plans of structure, 
wA/ab are called Sub-kingdoms. These are — 
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Protozoa, Annulosa, 

Ccelenterata^ Mollnsca, 

Annuloida, Yeriebrata. 

These sab-kingdoms are farther divided into classes, 
which are again subdivided into families, genera, and 
species. 

The Protozoa are very simple in structure, little more 
than animated jellies, with hardly any approach to 
defLnite organs, and yet building up frameworks of ex- 
quisite beauty. To them belong the Sponges, the only 
familiar members of this sub-kmgdom,* the Foramini- 
fera, and the PolycystinsB; most of these last two are 
minute; they construct ** shells " of great beauty, the 
former usually of carbonate of lime, the lat-ter of silica. 
The name Protozoon is derived from two Greek words, 
protos, first, zoon, animal, because this is the first sub- 
kingdom in the rising scale of life. 

The Ccdmterata have a few special organs ; they 
might be described as a little more than living stomachs. 
To them belong the corals, the so-called sea-anemones, 
jelly-fishes, and many of what are called corallines. 
The corals are abundant in a fossil state, but all the 
other members of this sub-kingdom are either missing 
or comparatively rare. The name is derived from the 
Greek words, ccdos^ hollow, enteral the inner parts. 

Annidoida. — This sub-kingdom was formed to in- 
clude a number of animals which have a somewhat 
ring-like or circular arrangement, and are in other 
respects intermediate between the OsBlenterata, which 
are often one ring, and the Annulosa, which are a series 
of rings. To it belong the sea-urchins, star-fishes, sea- 
lilies, and other kindred animals which make up the 
class Echinodermata (Jiedgehog-hide, from the often 
prickly exterior) ; this is abundantly represented in a 
fossil state, and some of its subdivisions are only so 

* Some naturalists are now in favour of promoting the 8pon@a& 
to the next sub-kingdom. 
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found. The word is a barbarons componnd from tho 
Latin annulus, a ring, and Greek eidos, form. 

Annulma. — ^This consists of animals whose bodies are 
a series of rings, as, for example, an earth-worm or a 
centipede. Of its classes the most abundant in a fossil 
state is the Crustacea, to which belong the crabs, 
lobsters, barnacles, wood-lice, and other less familiar 
forms. The Arachnida contains the spiders; Myria- 
poda, the centipedes; Insecta, flies, moths, bugs, 
beetles, &c. None of these, however, are very nume- 
rously represented in a fossil state. The name is derived 
from anntdus, a ring. 

Mollusca. — This consists of animals whose bodies are 
usually soft {mollis), though often contained in a hard case. 
All of what are popularly called ** shells " belong to 
this sub-kingdom, and some ''corallines." Four classes 
of shells are abundantly represented in a fossil state ; 
these are the Brachiopoday the LameUibranchiata^ the 
Gasteropoda, and the Cephalopoda, The first of these 
important classes contains among others those bivalves 
which are popularly called lampshells (p 90). They are 
seldom or never picked up on the British shores, and 
are not numerous in British seas. They are usually 
not large or strong shells ; the valves are not of equal 
size but are symmetrical in shape, that is, one half cor- 
responds with the other half. The name means Arm- 
foot, and is given by reason of some curious coiled-up 
arms within the shell, which were once supposed to 
be feet ; they are, however, in reality breathing organs. 

The LamelUbranchiata are also bivalve, but are 
often much larger and stronger shells than the Bra- 
chiopoda now are. These valves are usually of equal 
size, but are not symmetrical. The cockle, mussel, 
the scallop, and the oyster will serve as examples ; the 
last two are rather exceptional, as their shells are often 
nearly symmetrical and not equivalved. The word 
means Plate -gills, from the form of the breathing 
organs. 

Gasteropoda. — With one exception, all the members 
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of this class have nnivalve shells ; that is, inhabit a 
shiell which is mc^e or less a cone or tube in shape 
— limpets, whelks, periwinkles, snails, are all Gas- 
teropods. The name signifies BeUy-foot, because the 
underside of the body forms a kind of foot on which 
the animal creeps. 

Cephalopoda. — ^In this, the most highly-organised 
class of the MoUusca, the organs of locomotion are 
arranged about the head^ whence the name. Head-foot. 
Some of them have external shells, as the nautilus, and 
these are usually chambered, i.e.^ divided by partitions, 
w£th a communication from one to the other. Others, 
however, as the cuttle-fish, have an internal shell, or 
*' pen,'* as from its shape it is sometimes called. 

The last sub-kingdom is the Vertebrata, including all 
animalfapossessed of a backbone (oivertebra). The classes 
of this are : (1) Fishes {Pisces); (2) Frogs {Batrachia) ; 
(8) Reptiles (ReptiUa); (4) Birds (Aves); (5) Mam- 
mals {Mammalia), Of these examples are hardly 
needed. All are represented in a fi)ssil state, the 
remains of the birds being the least frequent. 

ITow when we attempt to arrange the stratified rocks 
in chronological order, that is, in a series commencing 
with the earliest deposited and ending with the latest, 
we are principally aided by two things : (1) the position 
of the rocks ; and (2) their fossil contents. If we find 
one stratum above another, it is obvious that (unless 
in those rare instances where we have reason to suspect 
an '* overthrow") the upper stratum is the newer. 
Scmietimes, as in many parts of England, we can travel 
for considerable distances, and come to stratum after 
stratum, each either cropping out from beneath the 
last, or, if we are going in the opposite direction, dis- 
tinctly overlying it. Mines and borings, quarries, or 
sections made by streams, show us the correctness of 
the apparent succession, and thus we are able to 
arrange a series in order of time, placing the oldest at 
the bottom, the^ newest at the top. 

But now, supposing we have to cro^« ^ ^oposi^a:^ ^^ 
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covered with vegetation that we cannot see what is 
below the surface, or, what is more difficult, a mountain 
chain or a sea, how are we to compare strata several 
miles apart, and fit them into their places in the series ? 
The mineral character of the rock will help us some- 
times. As the chalk near Calais closely resembles that 
at Dover, it is reasonable to suppose, even without 
further examination, that these belongs to the same 
deposit. But with rocks wide apart we cannot do 
this. Sandstone, clay, limestone, &c., must have been 
forming in different places at all periods of the world's 
history, so we cannot be sure either that rocks in 
Britain and (suppose) in Bavaria are of the same age 
when like, or of different when unlike one another. I 
have seen a piece of mud dredged up from the deep 
Atlantic that could not have been distinguished from 
Cambridgeshire chalk-marl, and yellow limestones in 
the Alps belonging to the same age as blue clays of 
England. 

In this difficulty Palseontology helps us. The fossils 
are made to tell us what creatures lived upon the globe 
(usually in the sea) when the beds were deposited ; and 
if we &id that the fossils correspond, we tiien consider 
them to belong to the same age. Even when there is 
not a very close correspondence we can to some extent 
infer the relative ages of the beds. For example, sup- 
pose we had three beds, a, b, c, widely separated by 
older rocks, with no fossils common to any two, we can 
still get some idea of their age. Examination of the 
beds that we have been able to classify elsewhere, 
shows us that there has been a progress in the forms of 
life ; that, in earlier times, the more perfectly organised 
animals were either absent or poorly represented ; and 
that those of lower type were more abundant and 
flourishing. Just as the White Man has pushed out the 
Bed Indian, so the higher races seem to have taken the 
places in the world once occupied by the lower ; this is 
true to some extent of the sub-kingdoms, but it seems 
to he also true of classes in them, and especially of 
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such classes as have any special work to do : the class 
which first appears is the one lowest down in the scale, 
and it too begins with its least highly organised mem- 
bers. These laws which regulate the d^tribution of 
life in time and space have been concisely expressed by 
Professor Huxley, in the following words : — "PalsBon- 
tology has established two laws of inestimable impor- 
tance : the first, that one and the same area of the 
earth's surface has been successively occupied by very 
dilOferent kinds of living beings ; the second, that the 
order of succession established in one locality holds 
good, approximately, in all." * We therefore look to see 
with what period in the known scale the fossils of our 
unknown deposits correspond, and refer them to this. 

Still, each of the above methods requires much 
caution in its use. In many cases there is no doubt 
that the upper stratum is the newer ; there may be some 
where this conclusion would be wrong. There exists, 
however, a greater difficulty in the comparison of fossils. 
We know that the plants and animals of parts of the 
world widely distant, especially of those with difierent 
climates, are very dissimilar. As we believe that 
climates in former times were unlike just as now, the 
faunas and floras must have been unlike ; hence great 
similarity in these at places on very different circles of 
latitude would rather imply that the deposits belonged 
to different ages, because the climate must have 
changed, so that the animals and plants which had 
lived in the one place had been obliged in consequence 
to migrate to a more congenial region in the other. 
This, of course, would have required time. 

So we must remember that where places are rather 
widely separated, we can only arrange their strata in 
this manner very roughly ; and that correspondence in 
fossils then rather implies some difference in date — 
although, speaking broadly, they may still be said to 
belong to the same great period of the world's history. 

It must also be remembered in all arguments 

♦ Address to Geol. Soc., 1872 ; ** Ia^ BenassiiB;' ^.nf&» i 

F 2; 
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fonnded on fossils, how very imperfect our knowledge 
at present is. A great part of the earth's snr&ce has 
not heen examined at all — as in Central Africa ; and in 
the hest known parts we only see a small part of what 
is underground. We are very much in the position of 
persons called upon to describe the cloth in a ware- 
house, in which they are only allowed to finger the 
edges of a few bales. We can reason upon what we do 
find, but must be very cautious in forming theories 
about what we do not find. 

Bearing these points in mind, we see that it is 
impossible to recover a complete history of life on the 
earth. In the great stone book of Nature, pages here, 
sheets, and even whole sections there, are wanting, and 
cannot be recovered. In forming a table of Geological 
Periods, we are doing our best to bind into volumes 
the fragments which we possess. At first the gaps 
were so marked that geologists thought that on several 
occasions the earth, or* a large portion of it^ had been 
swept clear of all its inhabitants, and then had been 
again peopled with anew created set of living creatures. 
To some extent we have been able to fill up the gaps, 
enough to show us that there could have been no such 
genend and universal destruction, but that species 
gradually died out and others replaced them. In speak- 
ing of geological periods and formations, we must now 
only be understood to mean that the limits of these 
mark gaps in our knowledge ; missing pages, or sheets, 
or parts, to return to the former simile. 

We have therefore, for Britain, the following ar- 
rangement : — 

First, three great periods, the division between each 
corresponding with a great break in the British record, 
the first, second, and third volumes of our history. 

Primary,* or Palsaozoic. 
Secondiary, or Mesozoic. 
[8.) Tertiary, or Eainozoic. 

* The word Frimaiy has rather gone oat of nse, as it had become 
mifymgJeii with some enoneom theories about the age of non-foa- 
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These have been subdivided as follows : — 

Laurentian, 

Cambrian, 

Silmian, I -n i 

Devonii, ^ PaleBOZoic. 

Carboniferous, 

Permian, 

Triassic, 

Jurassic, }> Mesozoic. 

Cretaceous, 

Eocene, ^ 

Miocene, ( rr • 

PUocene! f Kamozoic. 

Pleistocene, ) 

Each one of these is again subdivided (as chapters 
are into sections) ; each subdivision corresponding with 
some marked change in the character and contents 
of the deposit. (See Note IV.) 

In this succession there are many gaps. The two 
most conspicuous in Britain have been used for draw- 
ing the lines before and after the Mesozoic or Secondary 
Period. These great gaps are to some extent filled up 
by formations in the neighbouring parts of Europe ; 
but so far as Britain goes, not only is there a great 
gap, but also the last chapter (Permian) in vol. i., and 
tiie first (Triassic) in vol. ii., are in a most tattered 
condition ; and the interval between the Cretaceous and 
the Eocene is very great. 

Before leaving this part of the subject, I must ex- 
plain rather more clearly upon what evidence the exist- 
ence of one of these gaps or breaks may be inferred, 
even where there happen to be no fossils to guide us. 
In fact, a considerable change in the fossils does not 
always imply that a long time has elapsed. 

Suppose B (fig. i. p. 17) is a limestone (with fossils), 

- 

Biliferous rocks. Secondsur^ and Tertiary are still largely employed. 
Palaeozoic, Mesozoic, and Kainozoic are m)m Greek words, and mean 
Ancient (period) life, Middle (period) life, wad "S^^ V;s^6rS^ '^c&a 
rcBpectiveiy. For minor sabdivisionB see "^oVft T^ « 
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which is being deposited in a tolerably clear sea. Some 
change, not necessarily a very great one, may bring a 
current over here charged^ with river mud : most of the 
former inhabitants of the sea must migrate or die, and 
will in time be replaced by those that live in muddy 
water, so that we may have between the levels t)f a and 
B a complete change in the stratum, and a great change 
in the life ; yet no long interval of time has elapsed, 
and there is no real gap in the history. Accordingly a 
change of this kind may, or may not, correspond with 
an unrecorded interval of time. As a rule, indeed, 
marked changes in strata and life-forms do so cor- 
respond, but the rule has its exceptions. 

One change, however, in strata can only indicate a 
lapse of time ; this is denoted by the term unconform' 
ability. 

When two strata lie quite evenly one on the other, 
both horizontal, or both dipping in the same way, they 
are said to be eonformable. When the base of the 
upper rests upon the irregular surface of the lower, or, 
what is more conspicuous, when the two strata are 
not parallel to each other, they are said to be imcori' 
formable. 
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The state of things, represented in this diagram, can 
only be explained in one way. The strata ▲ must once 
have been deposited nearly or quite horizontally ; they 
were then tilted, and the missing parts removed by 
denudation, till the surface represented by the irregular 
line c D was formed ; the denuding agents then ceased 
to act, probably the surface sank more or less, and the 
beds at b were deposited on the upturned edges of ▲• 

Now a change like this must require a considerable 
'nierval of fame ; the denuding forces, however, are like 
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barbarian hordes, they leave behind them no legacy but 
rain. 

In a case like the above the lowest bed of b often 
contains fragments — is sometimes almost a conglo- 
merate—of &e rocks of a. This occasionally leads us 
to very interesting conclusions ; suppose that a consists 
of metamorphic rocks, gneiss, for example, and that in 
the base of b we find gneiss pebbles. Then a must 
have been gneiss — just as it now is — when b was 
formed. That is to say, that a, which was once an 
ordinary sedimentary rock, had been not only tilted and 
denuded, but also metamorphosed before b was de- 
posited. As we cannot suppose that the last process 
was a rapid one, this points to a very long interval 
between the first formation of a, and the age of b. 
Sometimes also the surface of a is pierced by boring 
shells, or overgrown by corallines. This shows that 
for some considerable time it formed the bed of a sea. 

When the upper beds of a conformable series of strata 
cover up in succession the lower, they are said to over- 
lap them ; this, of course, implies that the ground was 
gradually sinking, and the sea in that region gaining 
upon the land. See fig. xiv., where the horizontal beds 
on the left-hand side overlap one another. 

A portion of a deposit separated by denudation from 
the main mass is called an outlier, and one included in 
a series of older deposits, like a pudding in a basin, is 
called an inUer. Those formed in lakes and inland 
seas are of course inliers. 



CHAPTER X. 

PRIMABY, OB PALJEOZOIC PERIOD. 

The oldest rocks which occur in Britain are found in the 
Outer Hebrides and on parts of the west coast of Scotland. 
It is possible that the most ancient rocks at Ohamwood 
in Leicestershire, in the Malvern H\\Ir, «sA \2L»dx "^H** 



88 LAUBENTIAN AND OAMBBIANb 

David's, may be of the same age, bnt ibis is at present 
uncertain. They consist of greatly altered rocks^ nsnally 
gneiss and schists. They are evidently much older than 
the earliest rocks that rest unconfbrmably upon them, 
and had been metamorphosed before these were de- 
posited. No trace of life has yet been discovered iti 
them in Britain ; but in America, north of the rivei^ St. 
Lawrence, where they cover a large tract of countty, 
and are perhaps 80,000 feet thick, a fossil has been 
found, which Dr. Carpenter believes to have been a 
gigantic foraminifer, that grew in reefs, something like 
a coral. To this the name Eozoon (Davm-animal), 
Canadense {Canadian) has been given; and thou^ 
some persons still regard it as only a mineral structnl^y 
we may consider this as the earliest living being whose 
remains have come down to us. This deposit is called 
the Laurentian, and sometimes the Hebridean, formation. 
Above this, and separated from it probably by a long 
interval of time, is the Cambrian formation. This 
occurs on the west coast of Scotland, in county Wiok- 
low, in the EngHsh districts mentioned above, as 
well as in Shropshire (at the Longmynd Hills) and 
in Anglesea, Carnarvon, Merioneth, and Pembroke 
shires, in Wales. It consists generally of grits, con- 
glomerates, and sandstones, more or less altered, and of 
slates — most of the Welsh and the Leicestershire slates 
coming from it. Fossils are generally rare, the earliest 
known being (marine) worm-burrows and trilobites. 
Some of the Wicklow slates contain markings re- 
sembling a creeping plant with tufts of threads at 
intervals. It is called from its discoverer Old- 
hamia, and its nature is very uncertain, some regard- 
ing it as a plant, some as a coralline, while others 
think it only an accidental marking. The trilobites 
are an order of the class Crustacea, which appears to 
have died out before the end of the Palaeozoic period. 
They are now generally believed to be most nearly 
related to the order to which the wood-lice belong. 
Thej had a homy oovering, a shield-like head and tail. 
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often spinecl» and body of jointed rings; the name comes 
from the three lobes into which the whole body is 
divided (see fig. xv.). The largest were about a foot 
long. Some species had prominent eyes with many 
lenses ; some could roll themselves np in a ball just 
like the wood-lice. They are believed to have had 
eight pairs of small legs. Besides these a few shells 
occur in the early Cambrian rocks, so that the snb- 
kingdonis Anmilosa and Mollusca are represented, but 
the latter sparingly. 

Geologists differ as to where they shall draw the line 
between the Cambrian series and that above it, the 
Silurian (named from an ancient race that once in- 
habited Shropshire), and some make an intermediate 
period called the Cambro- Silurian.* Passing by this 
question as one of minor importance to the beginner, 
we may say generally that as we approach this border 
line between the undoubted Cambrian and Silurian, 
fossils become more numerous, trilobites and shells 
both have more genera and species, one of the most 
noteworthy additions being two mollusks related to the 
nautilus. These occur in a deposit called the Tremadoo 
slates, which is sometimes found just above the Lingula 
Beds of the list below. 

Formations of Silurian age (as grouped by the Geo- 
logical Survey) occur in the Scotch Highlands and the 
Lammermuir Hills, in several parts of Ireland, and 
occupy a large extent of Wales and Shropshire. Most 
of the best known mountains of Wales and the Lake 

* The following is the subdiyision of Cambrian and Silurian 
strata, with the grouping of the Geological Survey and the late Pro- 
fessor Sedgwick : — 

SURVST. J. Ludlow Beds ) Sedgwick. 

Upper Silurians Wenlock Beds VSilurlan. 

I Upper Llandovery Beds J 

{Lower Landovery Beds > tt«t»«* n««»T»^-«« 
liS^B^ I Middle Cambrian. 



Country are formed of rocks of this age. Isolated 
patches arc also found in HerefordBhire, CtlonoeBter- 
Ghire, WeBtmoreland, Cmuberland, Staffordshire, and 
two or three other connties. The lower parts consist 
chiefly of grits, saudBtones, and shaly or slaty rocks ; 
in the upper, limestones are abnndtmt. Large beds of 
igneous rock and ash show that tiiere was great volcanic 
action in North Wales and the Ijake Conntry during cer- 
tain parts of this period. No remains of lEmd plants or 
animals are as yet known ; all the deposits which have 
been examined have been formed in the open sea, 
though occasionally land cannot have been at any great 
distance. Animal life often swarmed in these waters. In 




the lower part of the Silurian period corals are not abnn 
dant, but we occasionally find in great numbers the 
remains of graptolites, so called from a certain likeness 
to a quill pen, which are believed to have been related to 
the gertiilaria, or sea-firs (sometimes called corallines), 
common on our coasts. Star-fishes make their appear- 
ance with curious creatures allied to the sea-nrchins ; 
trilobites are very numerous, there being many kinds 
of them, some almost a foot in length. Mollusks 
are much more frequently found, the varions orders of 
that class being represented ; the lowest, the Brachio- 
jvtfa baing the most abandBnt. The Cephalopoda, tooi 
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are numerous, especially one straight genus {Ortho- 
ceras). 

The upper part of the Silurian period consists of 
shaly or sandy beds, with three well-marked bands of 
limestone ; the middle one, called the Wenlock lime- 
stone, being very rich in that mineral, and sometimes, . 
with its shaly partings, nearly a hundred yards thick. 
These rocks abound in fossils ; corals formed reef-like 
masses ; the brachiopoda swarmed ; the other mollusks 
being more common than before, but, in proportion to 
them, rarer. Among the relations of the star-fish and 
sea-urchin, crinoids or stone-liHes now become nume- 
rous ; and trilobites, though slightly diminishing, must 
still have been as common as shrimps in our seas. We 
see, then, that in the Upper Silurian period all the sub- 
kingdoms were well represented ; the Protozoa, doubt- 
less, being common, though, from the small size of 
many of them, they have often escaped detection. It 
is not, however, till quite at the end of it that any 
traces of the Yertebrata are found, when the remains of 
fishes occur. 

In several places the upper part of the Silurian sys- 
tem passes without any marked break into the next 
series, called the Old Bed Sandstone (or Devonian). 
This chiefly consists of sandstones and marls, of a 
duU reddish colour, occupying a considerable tract 
in Shropshire, Herefordshire, and the neighbouring 
counties west of the line of the Malvern Hills. 
These rocks are not rich in fossils ; either something 
in the water was unfavourable to the existence of ani- 
mals, or the deposit to the preservation of their remains. 
In some beds, which form the top of the Silurian and 
the lower part of the Old Bed Sandstone, and occasion- 
ally higher up in that series, we find reHcs of great 
interest. After the presence of fishes has been esta- 
blished by a thin seam of small bones, alluded to 
above, we come upon the remains of large fishes of 
very singular appearance, protected by a sort of cuirass 
or buckler of hard enamel. These fta\ie%\iwi^ Xv^-^XssaN. 
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few representatives, which, such as they are, exist in 
American and Australian rivers. Huge Crustacea, allied 
to the king-crab (limulus), also occur, some of which 
have obtained from the quarrymen the fanciful name 
'< Seraphim.'* Bemains of land plants, ferns, and frag- 
ments of wood are now found ; and from the char^ter 
of the fossils it is thought highly probable that these Old 
Bed Sandstone beds were deposited in a great fresh- 
water lake. The south-western part of Ireland has 
somewhat similar beds ; the Lake Country shews only a 
few fragmentary beds of this age ; but in Scotland, in 
the Lammermuir and Pentland Hills, and to the north 
of the Central Valley, as well as from the opening of ihe 
eastern end of the Great Glen to the Orkneys, we again 
find vast thicknesses of rock belonging to this age. 
These northern rocks are richer in fossils than our 
EngHsh beds: mailed fishes, great <' seraphim," and 
plants being commonest. Bed rocks are abundant in 
them, with grey and dark flagstones in the north, and 
great masses of igneous rock in the south, showing 
that volcanoes must have been very active where now 
rise the Sidlaw, Ochil, and Pentland Hills, as well as 
those that run by Nithsdale into Ayrshire. 

In Devonshire, both North and South, extensive beds 
of marine origin occur, forming a kind of trough, which 
is covered in the middle by rocks of a somewhat later 
date. These are considered, though not without doubt 
on the part of some, to be of the same age as the Old 
Bed Sandstone group of Scotland and Wales, and give 
the name Devonian to the period. With the exception 
of one or two ferns, the remains are all of marine 
animals ; trilobites, brachiopods, and coral being espe- 
cially conspicuous. The last are very abundant in the 
beautiful limestones from the neighbourhood of Tor- 
quay, which, under the name of Devonshire marble, are 
now so commonly used for decorative purposes. 

The next formation is named the CarboniferouSi 
because in it are included the great beds of coal, to 
which the material prosperity of England is mainly 
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due. The learner, however, must not suppose that 
coal was only formed during this period of the world's 
history. Though all the English coal-fields are of the 
same age, there is one at Brora, in Sutherlandshire, 
which Belongs to a much later date, as do many of 
those in other parts of the world. Nor must it be 
supposed that tiie coal-beds add very much to the 
thickness of the formation. That is chiefly made up 
of strata of limestone, shales, and sandstones, which 
together must have sometimes reached a thickness of full 
5,000 yards, as in North Staffordshire. The Carboni- 
ferous Formation of England and Wales differs in se- 
Vdral important particulars &om that of Scotland, to 
which I shall presently refer. When a complete section 
is obtained, we usually find at the base of the former 
some sandy and shaly beds, with occasional seams of 
limestone, which pass into a great bed of rather pure 
limestone, called the Carboniferous or Mountain lime- 
stone, which must have been deposited in a tolerably 
clear and deep sea. The thickness of this limestone 
varies considerably, but in North Staffordshire it un- 
doubtedly exceeds 4,000 feet. From the mode in 
which it thins out in certain directions, we can infer 
that there were probably two sea basins ; one occupy- 
ing the greater part of what is now South Wales, and 
shallowing towards the Malvern Hills, Bristol and 
Devonshire ; being probably divided by a ridge of land 
from the more northern ocean. This must have 
occupied the greater part of northern England; the 
hills of North Wales, and the lower banks of Warwick- 
shire, Leicestershire, and Shropshire forming its shore 
line on the south, and the summits of Cumberland and 
Westmoreland rising as islands from it. Towards the 
north it shallowed on approaching the Cheviot and 
Lammermuir Hills, for it becomes mixed with sand 
aod shale, and even contains some coal-beds, which are 
worth working. This clear sea deposit is ended, as it 
began, by shaly beds. In the northern basin these are 
of great thickness, as much as 4,500 feet in Lance^ 



94 CABBONIFEBOtTS POBHATIOH. 

ahiro, and receive a separate name, being called the 
Yoredale Beds. Following after the shale on the south 
and the Yoredale Beds on the north, comes a deposit of 
more or less coarse sandstone with occasional coal and 
shale — the Millstone Grit : to which sncceed the Coal 
Measoreg proper ; these now lie in disconneoted patches, 
" basins," or " fields," but mnst formerly have ex- 
tended over the greater part of England, oronnd the 
Welsh and Comberland Hills; being now in some places 
fanlted deep down helow the snrfoce of the gronnd, in 
others worn away by denadatlon 

It is not easy to picture to ourselves the eondition of 
Britain dimiig the tune when the coal beds were form- 
ing. The pluits, from whose matted remains coal has 




been produced, appear generally to have grown on the 
spot. So far as we can judge, they mast have required 
a damp and warm climate, but perhaps not a tropical 
one ; for at the present day permeases — onr modem 
coal-fields — are confined to temperate and northers 
climates. Perhaps anch a region as the Great Dismal 
Swamp of America may give ns the best idea of the 
state of England in the Coal Measure time. The hjH n 
of Wales and Cumberland must have risen above a 
flat marshy plain, which received the drainage of im- 
portant rivers, and was possibly bounded by the fells of 
ihe Scottish nplands on the north, while it may have 
stretched away to the sonth even beyond DevonaMie, 
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and to the east as far as the Ardennes Mountains in 
Belginm. The great thickness of the formation shows 
that the land must have subsided for a long interval of 
time, aud the occasional presence of marine fossils, 
even among the Coal Measures, shows that the move- 
ment was not quite imiform. 

The condition of Scotland differed much in the Car- 
boniferous period from that of England. All, with the 
exception of the broad valley between the Forth and 
the Clyde, was probably dry land as at present ; and 
even this was but partially, or for a short time, occupied 
by the sea. The lower part of the series, on the east 
coast, is a fresh-water deposit, generally called the 
Calciferous Sandstone group; and the so-called Car- 
boniferous Limestone group really consists chiefly of 
shales and sandstones, the limestone being very thin. 
Coal is worked in both the Calciferous Sandstone and 
the Carboniferous Limestone, but chiefly in the latter ; 
the former being more celebrated for its shales, from 
which paraffin and other mineral oils of great value are 
distilled. Above this comes a rather iMn stratum of 
sandstone, representing the Millstone Grit, concluded by 
the true Coal Measures. Volcanoes were active in this 
district, especially during the earlier part of the period ; 
in England they were less frequent, though those of 
South Devon and Cornwall were active, at any rate, in 
the above time, and the bottom of the Carboniferous 
limestone sea was occasionally disturbed by the out- 
break of volcanoes, producing the basalts, often amyg- 
daloidal, known by the local name of toadstones. Some 
of the basalts of Durham and Northumberland may be 
(though this at present seems a little uncertain) of 
much the same age, and those of the South Stafford- 
shire coal-field are probably not much, if at all, later 
than the end of the CarbonLTerouB period. 

Besides coal and oil shale, the coal measures of 
England and Scotland are often rich in iron ; the clays 
are used for brick-making and similar purposes, the sand- 
stones form excellent building stones, while the lowest 
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group is rich in mines of lead and iron, and fnmislies 
an inexhaustible supply of lime, together with a good 
building stone, and many marbles of considerable 
beauty, the most noted being either wholly black or 
of a greyish colour varied by included fossils. 

The deep-sea basins above described in many places 
teemed with life ; corals grew in the clear water, some- 
times in considerable reefs ; stone-lilies expanded their 
starry cups ; fishes, some of great size, inhabited both 
salt and fresh water; mollusks were abundant, the 
brachiopods still maintaining their pre-eminence ; cepha- 
lopods, however, are by no means rare. Plants, as we 
have said, grew thick over the land, especially in the 
more swampy districts. Among these were tree fenis, 
gigantic club mosses, and huge reeds (Calamites); a few 
conifers have also been recognised. Many of these club 
mosses (called Lepidodendron, fig.xvi.) were fullfifty feet 
high. Now, these plants either creep on the ground or 
rise to a height of at most three feet above it. The 
vegetation of New Zealand at the present day bears 
most resemblance, though this is but slight, to that of 
the coal period. - Air-breathing reptHes, land-shells 
(Pupa), a kind of centipede (Xylobius), and insects, 
lived on the globe at this time. 

At the end of the coal period comes a great blank 
in our history ; many leaves are torn out of the book, 
and for a long time the records are few and fragmen- 
tary. Fossils also are rare ; and so difficult was it to 
classify the strata which come between the coal imd 
the more orderly deposits belonging to the Jurassic 
period, that at first they were all grouped together as 
one formation, under the name of the New Bed Sand- 
stone. It has since been found that not only must 
they be divided into two formations, but also that the 
older of them is more closely related to the PalsBozoio 
period, the later to the Mesozoic. This older forma- 
tion received the name of Permian, from the district of 
Perm, in Bussia, where it occupies a lazge extent of 
country. Strata belonging to tiiis age are found in 
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England, chiefly to the west and north of the Lake 
District and in the Eden valley; also on the eastern 
side they extend in an irregular strip from South Shields 
to Nottingham; and thirdly, in various parts of the 
West Midland counties, Shropshire, Staffordshire, War- 
wickshire, and Worcestershire. In these three regions 
the strata differ much in character : the first are chiefly 
sandstones and marls ; the second have in the lower 
part an important series of magnesian limestones or 
dolomites, from which valuable building stones are 
obtained * ; the third consists of red sandstones, clays, 
and breccias of older rocks. It is probable that in the 
Permian age the northern part of England was covered 
by the sea, the deeper and clearer water being towards 
the east. This sea was probably boimded by a ridge 
of land extending from Wales into the north of Staf- 
fordshire, to the south of which was a lake, estuaiy, or 
shallow sea, in which the Mid England Permians were 
deposited. Some plants, fishes, and marine shells 
have been found in the Permian rocks, which show that 
the living creatures of this time had a general resem- 
blance to those which had gone before them. Besides 
these, the foot-prints and a few bones of a great frog- 
like reptile have been discovered. 



CHAPTEE XI. 

SECOMDABY, OB MESOZOIO P£BIOI>. 

After the Permian period came another long unre- 
corded interval, and IJien we have the upper division 
of the New Bed Sandstone, which has been named the 
Trias.f It consists in England of red sandstones with 
great gravel beds in the lower part, and light-coloured 

* The stones of York Minster, the Houses of Parliament., and the 
Geological Museum, in Jermyn Street, London, are from quarriea 
in these rocks. 

t From a Greek word meaning Triple, because on the Continent 
it has three well-marked subdivisions. The lower division is called 
the Bunter, the upper the Keuper, both naisi«&Vie^xi^Qc%'caivc^» 
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sandstones covered by red clays or marls in the upper ; 
and between these there is another gap, corresponding 
with the middle period of the continental Trias. Be- 
fore this age began, in the long interval separating it 
from the Permian, a most important change seems to 
,haYe taken place in the aspect of England, and the 
great backbone of the country, called the Pennine range, 
which extends from the Scotdi borders to Derby, rose 
np above the waters. Wales assumed something of 
its present shape ; the Trias beds still rest almost level 
against the edges of these hilly districts, occupying 
the lowlands of Lancashire and Cheshire, Shropshire 
and Staffordshire, and passing round the extremity of 
the Pennine Hills, whence they extend towards the north- 
east to the sea in Yorkshire, as well as right across 
England in a south-westerly direction to Devonshire. 

This region must have been occupied by a shallow sea 
(or, possibly, a lake), into which more than one current 
or river must have brought gravel and sand from the 
north, perhaps from Scotland. Fossils are rare ; hence 
wo know little of the life of the time, so far as England 
is concerned; only a few plants and fish, with some 
tracks of reptiles akin to &ose of the Permian, have 
been found. The formation, however, is notable for 
the abundance of rock-salt and brine springs in it, 
which are extensively worked in many dis&icts of 
England. Gypsum also is found, sometimes in con- 
siderable quantities, and famishes the ''alabaster" 
now largely used in decorating the interior of buildings, 
or in making ornaments. The scenery in the Triassic 
district is generally smooth and imdulating ; often rich 
and luxuriant, but rather monotonous, being only 
picturesque in some of the sandstone tracts. 

The almost lifeless red rocks of the Trias are capped 
by some thin darker shales, which are found in the lower 
part of the Severn valley, and (in fragments) in a few 
other parts of England. In these (usually included in 
the Trias) fossils in considerable numbers are found : 
some pecnliar to the deposit, which is called the 
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Rhffitic, from a district in the Alps, where it is exten- 
sively developed. 

From this we pass without any well-marked break 
into the great series of beds which form the Jurassic 
group, the name being given from the Jura Mountains, 
which t6 a large extent consist of rocks of this age. 
In England they are often subdivided into two, tiie 
lower being called the Lias, from a local name ; the 
upper and thicker, the Oolite * (egg-stone), a name 
given from the structure (resembling a fish's roe) of 
some of its limestones. The Jurassic beds extend 
across England, in a strip of variable breadth, from a 
little soulh of the Tees on the north to the shore of 
the British Channel and the coast of Dorsetshire near 
Axmouth. There are one or two outlying patches in 
the broad strath between the Welsh and Pennine Hills, 
others in sheltered nooks on the eastern coast of 
Sutherlandshire near Brora ; others round the peaks of 
Skye ; and one considerable tract near Portrush, in the 
north of Ireland. Some of these belong to the Lias, 
some indeed rather to the EhsBtic, but otibers to various 
parts of the Oolite. 

The Lias consists of two great beds of dark clay, 
separated by a sandier and harder rock called the 
marlstone. The lower clay is often very regularly 
interbedded with thin bands of limestone, wUch is 
largely worked, as in Leicestershire, for lime, mortar 
made from it being found to set very well under water. 

Brown sands, often containing much iron, succeed ; 
some indeed of which are now generally considered to 
form the cap of the Lias ; these are followed by lime- 
stones, which together are called the Inferior Oolite. 
In beds of this age are situated the celebrated Leck- 
hampton quarries near Cheltenham, and the great 
quarries of Bamack, Ketton, and Ancaster,! in or near 

* This is farther subdivided into the Lower or Bath Oolite, the 
Middle or Oxford Oolite, and the Upper or Portland Oolite. 

t At the present time the first of these are entirely, and tiie aeQcyadi. 
to a considerable extent, exhausted. . 

G ^ 
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Northamptonshire, from which 80 many of our cathe- 
drals and other great buildings have been hewn. To 
this period also belongs the so-called Colljweston 
slate — a thin flaggy sandstone, which in former days 
was largely used in the eastern counties for roofing. 
In the soutii of England the Inferior Oolite is succeeded 
by a rather greasy clay of a yellowish colour, called 
the Fuller's earth ; and then comes another limestone 
band called the Bath Oolite, also a valuable building 
stone, but from its softness better suited for the inside 
than the outside of a building. The base of it re- 
sembles, and is used for the same purpose as the Colly- 
weston rock, being called the Stonesfield slate. Above 
the Bath Oolite is a coarse rubbly greyish limestone 
called the Forest Marble, and above it a rubbly yel- 
lowish limestone called the Cornbrash. This last, though 
rarely more than a few feet thick, extends very uni- 
formly right across England, while the beds between 
it and the Lias are far more variable, those of Glouces- 
tershire and Northamptonshire differing much from each 
other; but the most marked change is in Yorkshire, 
where there is hardly any limestone at all, the whole 
series consisting of shales and sandstones, often full of 
plant remains, and evidently deposited very near land. 

The Cornbrash forms the top of the Lower or Bath 
Oolite ; and the Middle Oolite is introduced by a great 
bed of bluish-grey clay called the Oxford Clay. Above 
this comes a belt of rubbly limestone, commonly with 
a yellowish-brown sandstone above and below; the 
former is called the Coral Bag, the latter the Upper 
and Lower Calcareous Grits. They occur both in the 
northern and southern districts, but thin out towards 
the tiaiddle of England. The Oxford Clay is used for 
brickmaking, and the Coral Bag occasionally for a 
building stone. 

The Upper Oolite also begins with a great bed of 
clay, generally rather darker in colour than the former, 
called the Eimeridge Clay. This, too, extends across 
England, ibat it is generally much thinner in the north* 
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eastern than in the more southern districts. After this 
we have to look to these alone for the remainder of the 
Upper Oolite, seeing that in the north there is very 
little, and that hard to distinguish, belonging to this 
age. . Here, then, in DorsetsUre and the neighbour-^ 
hood, we find the Kimeridge Clay capped by some grey 
sands, and that by a fine white limestone. As these 
form almost the whole of the Isle of Portland, they are 
called respectively the Portland Sand and Stone. The 
quarries in the latter have long been celebrated ; from 
them came St. Paul's Cathedral and most of the City 
churches, Somerset House, and many other public 
buildings. The stone is very white; it looks in the 
distance almost like pure marble, and resists the 
tainted air of cities better than most limestones. 

Dunng the long period when the Jurassic rocks were 
deposited, the parts of England in which they occur must 
have been under a great arm of the sea, which extended 
itself northwards fi:om France between Cornwall, Wales, 
and the north of England on one side, and the northern 
parts of France and Belgium on the other, terminating 
somewhere to the north-east of Yorkshire, and perhaps 
communicating with the western Atlantic by a shallow 
channel between England and Scotland. Three times 
during the period some change in the level of the land 
or direction of the currents caused it to receive large 
quantities of silt; during the rest, its waters were 
moderately clear, and occasionally very pure, especially 
in the south. 

The records of the life of the period are abundant. 
On the Liassic land numerous species of ferns and 
trees must have grown, beetles and other insects 
moving among the leaves. Fish of many kinds in- 
habited the rivers and seas, which also in places, 
literally swarmed with moUusks, whose shells are often 
crowded together in dense masses. Among the com- 
monest of these is one called the Belenmite, which 
belonged to a near relative of the modem cuttle-fijeib^ 
the shell being a long chambered cone, "^w^ ^^^.^sss:^^^ 
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by the animal, and terminating in a solid spike, shaped 
like a slate-pencil. These are sometimes a foot long, and 
are common in many places, being often called thmider- 
bolts by the peasantry. Another shell, called the Am- 
monite, also related to the cuttle-fish, is very abimdant in 
the Jurassic rocks ; it is a rather flat spiral tube, coiled 
upon itself several times, and divided into chambers by 
beautifully irregular partitions. The Nautilus, which is 
also represented here, has similar chambers, though 
much more regular ; in both there is a communication 
from chamber to chamber. In the former the hole is 
at the top of the plate, in the latter near the middle. 
These Ammonites are generaUy a few inches across, 
but occasionally, as in the Portland beds, more than 
two feet (p. 108). The shells of this age, which are very 
numerous, begin now to bear a closer resemblance to 
those which still exist; although none of these can 
trace back their pedigree to so remote an ancestry. 
Sea-urchins were now rather abundant, and star-flsh 
not uncommon ; and the beautiful crinoids, or stone 
lilies, are well preserved, especially in the Lias of Lyme 
Begis, and the Lower Oolite Clay of Bradford. Corals 
also were at times not rare, and reefs occurred when the 
waters of the sea were suited to the growth of the 
proper species. The plants and animals which then 
inhabited the British lands and seas, so far as we can 
conjecture, appear to have resembled those of Australia 
more nearly than any other coimtry which now exists, 
and even the few small mammals which have been dis- 
covered in the Stonesfleld slate, and in the uppermost 
beds, of which we are about to speak, carry out the 
resemblance. Still the remains of Beptiles, most of 
which are now extinct, separate this period from the 
present. Bemains of Turtles and Crocodiles, though 
generally very different from the existing, occur not 
seldom. Still more remarkable was the Ichthyosaums 
(Fish Lizard), a huge flsh-like creature which abounded 
in the seas, swimming with four paddles, with great 
jAfFB armed with formidable conical teeth. Another 



LIFE OF JUBASSIO PEBIOD. 



108 



strange lizard was the Plesiosaums (like a Lizard), 
which, though swimming with paddles, was more bird- 
like in shape, as it had a long flexible neck and smaller 
head. The Pterodactyles, lizards with considerable re- 
semblance to birds, and the strange Archaeopteryx, a 
bird with some resemblance to a lizard, made their 
appearance in Jurassic times, the latter being only 
found at Solenhofen (Bavaria), in strata about &e age 
of the Kimeridge Clay. The Megalosaurus (Great 
Lizard) inhabited the land, and the monstrous Cetio- 
saurus, believed to have been full sixty feet long. Thus 
the dragons of legends are surpassed by the Saurians 
of geologic history, and fact for once is more wonderful 
than fiction I 







XTII. ZCHTHlrOSAVIlTJS AXD PLESIOSATJBTJS. 

1. Skeleton ; 2. Bestoratioii of Ichthyosaurus. 3. Skeleton ; 
4. Bestoration of Flesiosauxus. 

J^^the top of the marine Portlailli Oolit^l, in l&e 
island of that name, and alotig'tii^^Dod^^HeSc^^ ^k^is^^ 
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at Lnlworth and Swanage, as well as in the Yale of 
Wardoor, are some strata, at most not much more than 
fifty yards in thickness, which are considered as the 
uppermost in the Jurassic series, but which, as reveal- 
ing a very different condition of things, I have left till 
last. Hitherto the Jurassic rocks have rarely contamed 
the remains of fresh-water animals. These, tiie Pnrbeck 
group, as they are called, consist of undoubtedly fresh- 
water beds, alternating with brackish and marine. As 
might be expected, though of no considerable thick- 
ness or extent, they are of great interest. In the 
lower part we have the remains of an ancient soil, one 
or two feet thick, with the trees which grew in it con- 
verted into a flinty stone, some stumps being yet 
upright, others prostrate stems, lying as they fell. 
They rest upon fresh- water limestone, and are overlaid 
by brackish water deposits. Fresh-water beds succeed, 
and in these the remains of a very considerable number 
of small mammals have been discovered. Fourteen 
species have been described, most of which are believed 
to have been insect-eating marsupials,* the largest 
being about as big as a polecat ; but two species much 
resemble the living kangaroo-rats of AustraHa. With 
the exception of four small species, also marsupials, 
found in the Great Oolite (Stonesfleld slate) and four in 
the upper part of the Trias, these are the earliest 
mammals known. Above these beds come others, 
which show that the district was sometimes occupied by 
the sea, sometimes by an estuary, sometimes by a 
river, and finally the deposit becomes wholly fresh- 
water, one bed being almost composed of river-shells. 
This has famished the "Purbeck Marble," so often 
seen in old English cathedrals. 

The nature and mode of occurrence of the Purbeck 
beds leads us to infer that during the last part of the 

* The lowest order of the mammals, so called from a ponch 
{marit^um) in the front of the body, m which the youn^ are 
oanied for some time after birth. Most of the Australian animals 
^S9 the Jamgatoo) axe maxsapials. 
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Jurassic epoch England, as a whole, was rising above 
the sea. This is confbmed by the evidence of the 
rocks in the earlier part of the Cretaceous series. This 
group, which obtains its name from chalk (Lat. creta)^ 
the most important and conspicuous member of it, 
forms two divisions of a very different character. The 
lower of these is often termed the Neocomian, a name 
derived from the Latin title of Neuchatel, a town in 
North-west Switzerland, near to which beds of this age 
are well developed, the upper being called the Cretaceous 
proper. In England the Neocomian or Lower Creta- 
ceous beds are of a very interesting character. The 
principal locaHties in which they are found are in the 
south and south-east of England, and at Speeton Cliff 
in Yorkshire. Between these two places they may be 
traced lying in patches on the various members of the 
Jurassic group. The Neocomians of the north-east 
and south-east are, however, very different one from 
another ; the former consisting of clays, the whole 
deposit being about 600 feet thick, all deposited under 
the sea ; wUle the lower part of the latter is a fresh- 
water formation. This, which occupies the broad 
fertile valley, the garden of England, between the 
North and South Downs, is called the Wealden, from 
the local name of the district."^ It is exposed dso in 
the Isle of Wight, and on the neighbouring Dorsetshire 
coast. It consists in the upper part chiefly of clays, 
which are called the Weald Clays ; in the lower, of 
sandstones, sands, clays, and shales, called the Hastings 
Sands. The whole series, as exposed, is about 1,000 
feet thick, and probably not less than 400 feet more 
are concealed. Some hard shelly bands in the Weald 
Clay produce the Sussex Marble, a rock composed, 
like the Pm-beck^ of river-shells ; and the iron of the 
Hastings Sands group was formerly of considerable 
value : the railings round St. Paul's Cathedral are 
made of it. If the boring now in progress through 

* Weald is oonnected with the German Wold (a forest)^ thi^ 
celebiated British BUva Anderida being in tibia ^MnKX« 
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the Weftlden beds sneeeeds in diseoveriiig coal, the 
'SiiBsex fornaees may be again lighted, to tiie no smaU 
detriment of the natoial beanty of the eonntry. 

Thns, while the sea was occupying part at least of 
Yorkshire, and gradaaQy stealing sontiiwards as the 
land sank, a great river most have been forming a delta 
where now we have the Weald of Kent and Sussex and 
part of the British Channel. Probably this river came 
from the west, draining a continent, d which Brittany, 
Cornwall, Wales, and Ireland may be fragments, and 
many square leagaes lie buried beneath the Atlantic. 
The delta deposit has been traced from Dorsetshire to 
near Boulogne, a distance of 820 miles; and from 
Hampshire to Yassy, in France, 200 miles from N.W. 
to S.E.* While this great mass of rock was forming, 
the deposit of sediment about kept pace with the sink- 
ing of the land ; but at last the sea. gained the day, and 
the highest division of the Neocomian is, like tiiat in 
the north, a marine formation. The upper part is 
rather sandy, with occasional calcareous and cherty 
beds ; the lower is chiefly clay, with sands in itis 
higher portion. The Upper Neocomians of the north 
of England are clays at Speeton, and coarse brown, and 
often pebbly, iron sands further south. At Potton in 
Bedfordshire, and at Upware in Cambridgeshire, they 
contain many nodules rich in phosphate of lime, which 
are worked for mineral manures. Some of the beds 
fhrnish an inferior building- stone ; that in the south, 
called the Kentish Bag, being the best. From the green 
grains in some of the beds, this deposit is often called 
the Lower Green Sand. 

Fossils are often abundant in the Neocomian beds ; 
the land was clothed with vegetation — Cycads, Conifers, 
and Ferns being abundant. Fish, in- many instances 
protected by hard enamelled scales, swam in the waters 
of both rivers and seas, which abounded in moUusks. 
The paludinn of ihe* Sussex marble, a river snail, mm 
Teiy likfr one that istill livdSt in our/stveasns ; a. river 

*8ir0. t!yetti ^'Btuieiii's Ateiwita ot Geology^" p. 20C. ' " '" 
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mussel (unio) of large size is also found, with many 
other shells not unlike those which still exist. Crahs 
and lobsters flourished in the seas, with many mollusks, 
and among them varions ammonites and oLt extinct 
cephalopods, some of large size. Perhaps, however^ 
the most remarkable living creatures of tiiis era were 
the Saurians, great lizards, some of which lived on the 
land, others in the water. The Ichthyosaurus and Plesio- 
saurus survived from Oolitic times ; but still more re- 
markable were the Megalosaurus (Great Lizard), Hylao- 
saurus (Weald Lizard), and Iguanodon (Iguana-tooth). 
This was a land-Hzard, whose teeth resemble the 
existing Iguana; a full-grown specimen was probably 
thirty or forty feet long. Strange to say, its hind legs 
are so much longer than its fore, that it is believed to 
have always walked upon them only, like a kangaroo 
or a bird. It was perhaps a tolerably gentle monster 
after all, as its food appears to have been only herbs. 

The Upper Cretaceous period now began. The rocks 
belonging to this generally succeed one another, as 
follows: first and lowest, a stiff blue clay, called the 
Gault, which is sometimes as much as 200 feet thick. 
Above this comes a series of sands and marls, generally 
full of small green grains (whence it is called the Upper 
Green Sand), and sometimes with layers of chert. The 
thickness of this deposit is very variable, but in places 
it is not less than 150 feet. Then succeeds a light- 
coloured marl (called the Chalk Marl)^ and above it the 
pure white, rather crumbly limestone, called the chalk, 
which, in the east of England, is full a thousand feet 
thick. The upper part is banded with frequent layers 
of flint. The chalk formerly must have , extended over 
the whole of England south-east of a line joining Filey 
Bay with Exeter, as well as to some distance on the 
other side of this, but how far we cannot well say. It still 
occupies most of this district, but it has been breached 
by the sea between Lincolnshire and Norfolk, and has 
been worn away over the broad anticlinal of the Weald 
of Sussex. In many parts of HampsldiQ^ ^sA ^2c^c$^ 
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the valley of the Thames, it is buried deep below thick 
masses of dark clay. 

The sceneiy of the chalk district ia marked by 
romided nudolatiDg hills, ^thont crags or raviBes or 




(1) OocooUtli ; (I) QlobigeriDB ; (3) Amniouite ; (4) Sponge npicalet ; 
(J) lohtlirMaunu tooth ; (S| Stauti tooth. 1, 2, i, ^res^y minified. 

sharp outlines of any kind ; trees are sot abundant 
upon these " downs," for the rock in decomposing 
lenvoB bat little earthy matter behind to produce a soil ; 
but they were formerly — and still are to a coneiderable 
extent — clothed with a short dense tnrf. Bills of water 
are comparatively rare, and yet the grass remains green 
even in the heat of summer. The reason of this is that 
chalk can hold an unusually large quantity of water, 
and then acts something like a sponge.' Chalk is 
* A cnMc foot of clulk will hold two gallone of irater b; men 
tiK^tij attnction. rrcatwich'a Addicsa to Qeological Sodely, 
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rarely firm enough to be used as a building stone ; one 
bed, however, in the lower part of it, called Glunch, is 
sometimes so employed in the eastern counties ; and 
the flints also, with dressings of brick or stone, are 
often a favourite material. The gault is worked for 
brickmaking, being, after burning, of a pale yellow 
colour. 

Chalk, as we have already said, is almost wholly 
composed of minute shells and fragments of shells, 
foraminifera (especially one named Globigerina, fig. xviii., 
2)y or other inhabitants of the sea, with yet more minute 
remains of what may be a vegetable.* Yet by these tiny 
creatures, most of them less than a small pin's head, 
himdreds of feet of solid rock have been built up. 

Flint was long a greater puzzle than chalk. It occurs 
in tolerably even seams, two or three feet apart, in the 
upper half of the chalk. Sometimes it was thought 
that the sea must have been subject to discharges of 
hot- water containing dissolved silica — ^like that of the 
Iceland Geysers — ^but this explanation, evidently, was 
not at all satisfactory. The explanation given in 
Chapter "VJLLL. is now generally accepted ; and as it was 
observed by Dr. Carpenter that these flinty sponges (fig. 
xviii., 4) were very abimdant wherever the sea-bottom was 
covered by the chalky mud, the flint bands may mark the 
position of ancient sponge-beds which, in being turned 
into stone, have gathered to themselves silica from the 
neighbouring rock, or even from the sea-water, by 
chemical processes which, though guessed at, are not 
yet perfectly imderstood. That these flints should 
occur in moderately regular layers is rather strange, 
but not more so than the occurrence of banded rocks 
of any kind. Although the face of Nature alters 
from period to period, yet each one of these seems to 
comprehend a series of recurrent changes, just as the 

* The minute calcareous ringB called coccoliths, commonly sup- 
posed to belong to one of the lowest forms in the animal kingdom, 
are now, bv some good authorities, referred to a similar position in 
the vegetaole. (See fig. xviii., 1.) 
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year in its passage from smnmer to winter has eompie- 
hended many alternations of day and night. 

The eonelnsion which we draw from considering the 
Upper Cretaceous period is that the greater part of *Ei^ 
land (with not a little of France) slowly suik beneath 
the waves, the subsidence diminiRhing in a westerly 
direction ; how far the sea extended west of the present 
limits of the Cretaceous rocks * we cannot tell ; probably 
it flowed into the valleys of the Western Land, turning 
them into igords, and giving it a resemblance to Norway 
in the present day. Possibly there may have been a 
strait severing Ireland from Scotland; for the only 
patch of chalk known in either of those countries is in 
county Antrim. This invasion of the sea into the val- 
leys, and possible conversion of a continent into an 
island group, would account for the purity of the chalk 
of Western Europe. In other places, as in Switzer- 
land, the beds of this age are sandy or shaly^ and have 
not the smallest resemblance to true chalk. 

As might be expected, this chalk tells us HtUe of the 
condition of the land when it was forming ; that know- 
ledge must be sought in other quarters, and from them 
we learn that the vegetation began to bear a greater 
resemblance to that which now exists in Europe; 
species of the oak, fig, walnut, and myrtle being 
mixed with plants whose nearest representatives are 
found in Australia or at the Cape of Good Hope. 
From the Upper Green Sand of Cambridge we learn that 
birds frequented the shores. Some of tho'gfeat lizards, 
as the Iguanodon, lived on into the Upper Cretaceous 
Period, and the Ichthyosaur, Plesiosaur, and other marine 
monsters, with numerous sharks (fig. xviii.) and other 
kinds of fish, abounded in parts of fiie Cretaceous Sea. 
The singular flying saurian, called the Pterodactyle (wing 
finger), which was mentioned as occurring in Jurassic 
times, seems fco have been rather abundant now. It 
had a long neck, jaws armed with formidable teeth, and 

* The most westerly patch of Upper Cretaoeous beds is near 
-Barnstaple Bay in Devonshire. 
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wiDgs snpporied by long fingers, something like those 
of a bat. The Anunonite (fig. xviii., 8) and other shells 
of Jurassic type lived on ; but others made their appear- 
ance which have a closer resemblance to those which 
now exist in the sea. 



CHAPTER XIL 

TEBTIABT, OB EAINOZOIO PEBIOD. 

Between the chalk and the rocks which overlie it, 
there is in England a great break. A long interval of 
time evidently /elapsed, during which (doubtless, as the 
land rose again) the sea retreated eastward, sweeping 
away as it did so the upper part of the chalk ; and when 
next the records are preserved we find that much of 
England had probably returned into the condition of 
dry land, and that the inhabitants of it and of the sea 
had greatly changed. Now they begin to present a far 
closer resemblance to existing forms, and, one by one, 
species which are still Hving (though often not in the 
British seas) make their appearance as we trace upward 
the history of life. 

Here then, where so many pages are missing from 
the stone book of Nature, geologists have made the 
separation for another volume— have drawn the line be- 
tween the Secondary and the Tertiary Peridd. In the 
neighbouring parts of Europe this break is less strongly 
marked. At Faxoe in Denmark, Maestricht in Hol- 
land, and near to Paris, are rocks newer than any of 
the chalk and older than the Tertiary beds of England ; 
but even here the gap is by no means completely 
bridged over. 

The Tertiary period is usually divided into four groups, 
to which the foUowing names have been given :— 

Eocene, or Dawn-of-new, Miocene, or Less-new, 
Pliocene, or More-new, and Pleistocene, or Most-new ; 
the last, sometimes called the Post-Phocene, merging 
without any definite boundary into historic tiisiA^. 
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The Eocene. — ^Deposits of this age are in England 
confined to the eastern and south-eastern counties. 
Although during some part of it these were probably 
more or less connected together, they are now divided 
by the valley of the Weald, and a portion of the chalk 
hills to the west of it, so as to form two " basins," the 
London and the Hampshire. Both, by the presence of 
pebble beds, show that the upper chalk had been much 
denuded before they were deposited ; and the former, 
by the presence of brackish water-shells near Wool- 
wich, proves that a river entered the sea as the Thames 
now does. This series, partly of marine, partly of 
fresh-water origin, is called the Woolwich and Beading 
series^ and in Kent a bed of marine origin intervenes 
between this and the chalk, called the Thanet Sands ; 
because they are well seen in the island of that name. 
Clay of marine origin occurs on the level of the Wool- 
wich series in the Isle of Wight, which was formerly 
called the Plastic Clay. Above this, in both basins, 
comes a dark brown clay, much used in brickmaking, 
and burning to a warm red, called the London Clay. 
It occupies a large portion of the Thames valley; 
extends up into Norfolk, and is found in the Hampshure 
basin. At the Isle of Sheppey, where it is thickest, it is 
not less than 500 feet deep. Above these comes the 
Middle Eocene or Bagshot Sand group. This occurs in 
patches about London, as at Hampstead Heath and 
Harrow-on-the-Hill, and forms the dry plateaux in the 
neighbourhood of AJdershot. In these fossils are rare, 
but in the Hampshire basin we have more abundant 
signs of life. The sandy clays of Bracklesham, on the 
coast of Sussex, and of South Hampshire, have furnished 
a large supply of fossils. The many-coloured sands of 
Alum Bay in the Isle of Wight are of this age, and 
above these come the fresh and brackish water-beds, 
well displayed on several parts of the northern coast of 
the island, called the Headon, Osborne, and Bembridge 
beds. Of these there are probably no representatives, 
or at any rate none recognisable, further north. Since 
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this time great changes have taken place in the aspect 
of the country : the chalk ridge that mns through the 
Isle of Wight, of which the Needles is one extremity, 
and the North and South Downs, have been raised up 
to their present position, and a very large part of the 
Weald valley excavated. Beds of Eocene age occur in 
parts of Northern France, especially near Paris, where, 
however, they differ much from their English represen- 
tatives, limestones being far more abundaiit. 

Vegetable remains are not rare from the Eocene 
strata. The Isle of Sheppey has yielded many species 
of the palm and the gourd, the cones of firs, and re- 
mains of other trees. The plants, as a whole, are most 
nearly allied to those of Australasia, and denote a more or 
less topical climate. The other fossils agree with this ; 
shells of many tropical genera, such as the nautilus, 
volute, cone, olive, are abundant, as well as the bones 
of crocodiles, turtles, a sea-snake, extinct animals of 
the ungulate* order, and representatives of the exist- 
ing orders of birds, have been found in it. Evidently, 
whatever may have been the case in previous times, 
mammals had now become tolerably abundant, although 
the species were very different frL those which ^e 
living at the present time. Fishes were evidently very 
numerous in the waters. In the limestone of Monte 
Bolca (near Verona) their remains, often beautifrdly 
preserved, may be said to swarm, as though they had 
been entombed in shoals. The sharp-pointed teeth of 
large sharks are frequent, and the pavement-like teeth 
of great rays. Corals are not very abundant, at any 
rate in Western Europe, for although the temperature 
of the water must have been rather favourable, the sea ; 
was either too deep or too muddy for the reef-building 
species. The Foraminifera, however, swarm in some 
parts, and reach an unusual size. In England they are 
most abundant and largest in the Bracklesham beds, 
where a genus (called nummulite, fr*om its resemblance 

* The elephant, hippopotamus, tapir, horse, are liTiog UDgulate& 
(hoofed quadmpeds). 

a 
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to a coin — nummus), which is ofien rather bigger than a 
sixpence, may be picked up by hundreds on the shore. 
By heating one of these over a spirit-lamp and then 
dropping it into cold water, you may succeed in splitting 
it open and in displaying the wonderful arrangement of 
its coil of hundreds of tiny chambers. In the pale 
cream-coloured limestone of Egypt and neighbouring 
countries, from which the Pyramids are built, they 
attain a still greater size, being sometimes quite an inch 
in diameter. This rock is often several thousand feet 
thick, and is very widely spread, having been traced 
over many parts of Central Europe and Asia and 
North Africa, in fact from the Pyrenees to the frontiers 
of China. It has been found more than ten thousand 
feet above the sea level in the Alps, and yet six thou- 
sand four hundred feet higher in Western Thibet.'^ 
Sonie other genera of foraminifera are also very abun- 
dant, one in the Paris Basin helping largely to form a 
rock which, after it, is called MiHolite Limestone. 





XIX. FORAMIXIFEBA. 

(1) Nununulite ; (2) Miliola, much magnified. 

The next, or Miocene period, has but few representa- 
tives in Britain. Some deposits at Hempstead Cliff in 
the Isle of Wight, some beds, chiefly of vegetable re- 
mains, at Bovey Tracy in Devonshire (where they form 
an impure coal called Lignite), in the Isle of Mull, and 
in Antrim, are of this age. We are therefore obliged to 

* Lyell, " Elements," ch. xvi. 
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torn to the continent of Enrope, in many parts of which 
are large deposits with abundant fossils, both marine 
and fresh-water. From these we should infer that the 
climate was warmer than it now is. The plants, among 
others, are palms, beeches, maples, walnuts, limes, 
magnolias, oaks, poplars, and sequoias ; some with 
American, others with South African relationships among 
living species. It is a very remarkable thing that 
plants abound in beds of Miocene age in Greenland, 
Iceland, Spitzbergen, showing that the climate of the 
Arctic regions was far milder then than it now is. To 
the Miocene times belong those great masses of vol- 
canic rock so conspicuous in Antrim (as at the Giant's 
Causeway), Mull, Stafia, Skye, and in others of the 
Western Isles of Scotland. The north-west of Britain 
must have then been, as Iceland now is, the scene of 
repeated volcanic eruptions, which broke out at in- 
tervals in various places from Auvergne in France to 
Disco Bay in West Greenland. The valleys and gaps 
that have been cut through these will give some idea of 
the time that must have elapsed since this epoch began — 
a time long enough to allow of the Alps being raised 
some thousands of feet higher above the sea, and being 
shaped into their present forms by the various carving 
tools employed by nature. 

Next after the Miocene comes the Pliocene, a de- 
posit which, though well developed on the Continent, as 
in the neighbourhood of the Mediterranean, is only re- 
presented in Britain by some fragmentary beds of no 
great thickness on the coasts of Essex, Suffolk, and 
Norfolk. The oldest of these is a whitish calcareous 
deposit called the Coralline Crag, from its containing 
many remains at first erroneously supposed to be corals. 
Next in age is the Bed Crag, a coarse gravelly deposit, 
whose colour is implied by its name, often full of fossils, 
its whole aspect denoting that it was formed in a shal- 
low sea ; such as, for example, may still be accumulating 
in many parts of the German Ocean. It contains at 
the base a seam of nodules, which have probably been 

H ^ 
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washed out of the London Clay. These so-called Co- 
prolites are rich in phosphate of lime, and, like those 
already mentioned, are worked for mineral manures. 

We now hegin to find a large numher of living species 
of shells. The Coralline Crag has 68*5 per cent., hut 
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SX. EXTINCT HAmCALS. 

1. ICommoth {Mepheis primigeniw). 2. Irish Elk {Cervtu megaeeroa). 
3. Megatherium, S. American Sloth. 4. Mastodon (if. giganteua). 

most of them denote a climate rather warmer than the 
present. The Bed Crag has 75 per cent., and these 
are still found in our own or neighhouring seas. An 
estuarine deposit, called the Norwich Crag, from the 
iown near which it occurs, contains 82*5 per cent, of 
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living species. This is generally thought newer than 
the Bed Crag, but Mr. Prestwich, who has especially 
studied these Crag deposits, believes it to have been 
formed in an estuary of the Bed Crag sea. Certainly 
newer than it are the Chillesford and Aldeby Beds, in 
which only 9*5 per cent, of the shells are considered to 
be extinct ; but many of the others are now confmed to 
northern seas, showing that the climate had become 
still more severe. Probably rather newer than these is 
the Forest Bed of Cromer, which contains, together 
with cones of the Scotch and spruce firs and other 
seeds of living plants, fresh-water shells, and the re- 
mains of some twenty species of mammals. Conspi- 
cuous among them are the teeth and bones of two 
kinds of elephants, a rhinoceros, and a hippopotamus, 
all of extinct species, the remains of which have also 
been discovered in Europe as far south as the neigh- 
bourhood of Florence. The bones of a horse, beaver, 
and various species of deer have also been found. 

Pleistocene. — ^A marked change now took place in the 
climate of Northern Europe, during which were formed 
the deposits classed together as Glacial. These consist 
of beds of clay and coarse gravel, with large boulders 
and fragments boU" oi neighboorbg and distant rocks, 
often marked with the characteristic ice scratches. As 
these deposits often occur in isolated patches, and are 
not found overlying one another, there is some diffi- 
culty in determining the precise relation of beds in 
different parts of England. The following brief sketch, 
however, probably gives a tolerably correct general 
idea of the history of this period. 

After the time when the CromerForest Bed was formed, 
with a climate not very different from the present, the 
cold appears to have become much more severe. Pos- 
sibly the general level of the land, especially in the 
north and west of England, was somewhat higher than 
now. Not only Scan^navia, but also Scotland, Wales, 
and the Cumbrian and Irish hills, were enveloped in a 
great ice sheet, such as now occu-^ie^ ^'^ Vo^^stv^^ ^'^ 
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Greenland, which buried everything but the loftiest 
summits. Probably, also, all the higher ground of 
England was ice-covered. Some geologists, indeed, 
have supposed (but this appears to me doubtful) that 
an ice-sheet swathed the whole countiy. 

The land now seems to have gradually sunk from 
the Thames valley northwards, so that the sea quietly 
extended itself over the greater part of the British 
Isles. Under this sea were deposited clays, worn away 
from the mountains by the glaciers, or by the torrents 
flowing from them ; icebergs, breaking off their ends, 
floated southwards, bearing huge boulders from Scot- 
land and Scandinavia, and, melting on their journey, 
scattered them all over England and the north of 
Europe. This cold, tenacious clay, in which are mixed 
fragments from the immediate neighbourhood with 
those from a remote distance, is called the Boulder 
Clay, and in Scotland, Till. It is generally unstratifled, 
and contains hardly any fossils of its own time ; such 
as have been found are of Arctic species. The rock on 
which it rests is often polished and striated, showing 
that a glacier or large mass of ice has passed over it. 
Some geologists, indeed, have thought that the Till has 
been formed between the glacier and the rock, being 
what is termed a ground moraine. For myself, I 
beUeve this idea to^y erroneous. As this gradual 
sinking of the land proceeded, either from the lowering 
of the hills or some change in the temperature, the 
climate of Northern Europe appears to have become 
rather milder ; the ice-sheet melted away, and even the 
glaciers, to a considerable extent at least, disappeared 
from the mountains. This sinking went on, tSl some 
parts of Britain were many hundred feet under water. 
Shells have been found in drifts near Blackpool (Lan- 
cashire), about 570 feet above the present sea level; 
near Macclesfield at some 1,200 feet; and on Moel 
Tryfaen, in North Wales, as much as 1,800 feet. 
Similar drifts, though without shells, are found several 
hundred feet bigheTy so that in fdl probability the 
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Snowdon district was depressed at least 2,000 feet. 
There is good evidence that Scotland and Scandinavia 
also shared, to much the same degree, in this down- 
ward movement, which appears to have extended as far 
north as Greenland, but not to have affected the parts 
of England south of the Thames valley. 

After this had ceased the land again rose, and, the 
climate becoming colder, glaciers formed in the valleys, 
and in some cases probably reached the sea level. 
They were, however, always glaciers, each being well 
defined and lying in its own valley, so that the cHmatc 
must have been much milder than during the former 
period. The moraines and other glacier marks in our 
higher mountain districts belong to this period, as do 
most of the great straths or level plains in the lower 
part of many river valleys. Once, indeed, especially 
on the south coast, the land appears to have reached a 
level somewhat above the present ; this is inferred 
from the submarine forests, where peat and the stumps 
of trees in the position of growth are found a Httlc 
distance below h^h-water mark. On the whole, how- 
ever, the movement in the latest times has been up- 
wards, as is shown by the numerous raised beaches 
along our coasts. These are deposits of shingle, often 
containing sea -shells, &c., and terrace-like lines of 
cliff, with sometimes wave-worn caves, or horizontal 
grooves on the face of the rock, marking where the 
sea margin once has been. These may be traced almost 
everywhere along the coast of Scotland and Norway, 
as well as, though less distinctly, along that of England. 
Pauses in elevation — of which, of course, these are 
marks — appear to have taken place more than once, 
but the last and most distinct of these now produces in 
Scotland a shore terrace and an inland cliff, the foot of 
which is from twenty to thirty feet above the present 
high-water mark. During these periods of elevation 
were formed many of the gravels with which the sur- 
fEice of the country is often overspread, composed 
partly of the washing away of the Bcroi^et ^«^^^'«^^. 
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of the rocks exposed in the present river valleys. As a 
role, those upon the higher ground are coarser than 
those nearly on a level with the existing streams, and 
are in less close relation to their beds. It is therefore 
evident that, even since this comparatively late period, 
considerable changes have: taken place in the minor 
outlines of the country, as the coarse gravels often 
occur as much as a hundred feet above the present 
river bed. It is impossible to draw any line of division 
between this last phase of the geologic history and the 
present ; many of the river deposits and peat mosses 
which began long before the age of written history or 
tradition being still in the course of formation. 

Eetuming back to the great ice-sheet period, in order 
to give a brief glance at the natural history of the 
world in this its last chapter, we £md that during this 
time remains both of shells and animals are compara- 
tively few and generally ill-preserved. The shells are 
asudly of species which still exist but in Arctic seas. 
The land, being chiefly covered with ice, was, of course, 
unfitted for vegetable or animal life, though doubtless, 
as in Greeiiland at the present day, there were occa- 
sional oases. Eemains of the mammoth, an extinct 
species of elephant,, and of the reindeer have been 
found. In the contorted drifts and coarse sands which 
belong to the period of submergence, shells of Arctic 
species are not uncommon ; and in the period of 
emergence, when probably Britain had a climate more 
like tiiat of Northern Eussia, remains of plants and 
inhabitants of land and water are not rare. The mam- 
moth (the body of which has actually been found 
frozen up in ice in Siberia), the woolly rhinoceros 
(now extinct), the musk-ox, now confined to the 
extreme north of America, the lemming, the reindeer, 
wandered over the plains, now rich with com and 
pasture, then waste and desolate. England was pro- 
bably for a considerable time still united to ihe con- 
tinent ; Ireland for a shorter period to England. There 
appear to have been occasional intervals of wanner 
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climate, during which the hippopotamus and another 
species of the elephant and rhinoceros, generally con- 
fined to Mid and South Europe, made ^eir way into 
the southern parts of England. 

The caves in the hilly districts formed the haunts c^ 
lions, bears, gluttons, and hyaenas,* the urus, and the 
aurochs — of which two the former vanished in the 
Middle Ages, the latter still lingers in Lithuania — 
wandered over the country as now the bison in the 
American prairies, till at last they disappeared before 
the destructive efforts of man. 

Of his occurrence in the geologic record we must, in 
conclusion, say a few words. It was long believed tibat 
the human race did not appear upon the globe till 
a comparatively short period before written history 
began ; that the duration of its existence could be 
reckoned by a very few thousands of years. Numerous 
facts, however, oppose themselves to this belief, of 
which the following are a too brief sketch. 

• It is true that the bones of man have been but 
rarely found in deposits of any great antiquity, but 
unmistakable traces occur where not a fragment of his 
frame has yet been discovered. These are stone tools 
or weapons, generally chipped from flints, often rudely 
enough, but sometimes with considerable skill, very 
similar to those which have been in use among savage 
races even in historic times. 

These flint implements have been found in the old 
river gravels in many parts of England and France, 
at considerable heights above the beds of streams, and 
associated with the bones of long extinct animals in 
such a way as to leave no doubt that they were of the 
same date. For example, at St. Acheul, a suburb of 
Amiens, these implements have been found in a stratum 
of coarse flint gravel, some ninety feet above the pre- 
sent bed of the Somme, together with the bones of the 

* The hysena is believed to be an extinct species ; the others, at 
most, Varieties of those that still exist. The lion has disappeaxeil 
from Europe in historic times. 
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mftTnaioth, woolly rhinocoros, and other extinct mam- 
mals. They are buried about twenty feet helow the 
snrfaoe of the ground ; and in the upper soil the gravea 
of the GaUo-Boman inhabitants of Amiens have been 
dug. For at least fifteen hundred years the groond 
has been whoUy undieturhed, and in the peat mosBee by 




the present river variotiB antiquities have been fonnd, 
certainly not later than the Roman epoch. Some thirty 
yards, therefore, of the broad valley of the Somme 
most have been removed before a period not very 
distant from the Christian era. It seems, then, reason- 
able to conclude that, since these implements were 
buried in the gravel of St. Acheol, many times eighteen 
iandred yoaxs have elapsed. In several other places 
wo bare airailu evidence of groEA aiter&tions ^ving 
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taken place in the outlines of the country, and no 
small changes in the climate. Man existed in France 
and Britain with animals, such as the mammoth, the 
lemming, the reindeer, and the musk-ox— aU requiring 
a climate much colder than the present. 

Again, similar implements, and in some cases the 
bones of man, have been found in caves, buried safely 
under the stony crust that has been deposited by water 
dropping from the limestone roof. Here also we have 
often evidence of great changes in the country and in 
the climate. To take one example only. In the caves 
of Dordogne (in Southern France) weapons, such as 
arrow-heads and spear-heads of flint, have been found, 
with great quantities of the bones of the reindeer. 
Here, too, pieces of reindeer horn have been dis- 
covered, carved with some little skill into the repre- 
sentation of that animal; and part of a mammoth's 
tusk, with a rude 'but unmistakable outline of this 
extinct elephant cut upon it. These, there is every 
'reason to believe, belong to a period much later than 
that of the makers of the Amiens flints ; but even then 
the climate was cold enough to allow the reindeer to 
flourish far to the south of its present domains. 

Did space allow, dozens of instances might be 
brought forward, ail showing that the first appearance 
of man upon the globe must be carried back to a 
period far more remote than that which is usually 
assigned ; and that no marked break in the succession 
of living creatures heralded the introduction of this 
crown of the Creator's work. Here, as throughout the 
whole history of the world, we learn that the apparent 
breaks are only the result of our imperfect knowledge ; 
and there is produced in us the conviction that past 
and present are bound together by an unsevered cord 
of hfe, whose interlacing strands carry us back in 
orderly change from age to age, towards the remote 
but unknown period which began when God first 
created the heavens and the earth. 
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NOTES. 



NOTE I. 



After reading this book, I should advise the student to work 
through Jukes' " School Manual of G^logy" (Browne's edition^. 

This done, he will be ready to read the larger geological worss ; 
of these I should recommend either — 

Jukes' "Student's Manual of Gteology" (Geikie's edition), or 

Lyell's "Student's Elements," accormng as he would wisn to 
follow in detail the mineralogical or the stratigraphiod side of 
the subject. 

In both cases he must also carefully read Lydl's " Principles .of 
Gteology." 

The following will be found useful as works of reference : — 

* CampbeU's " Frost and Fire." 

* Geikie's " Scenery and Geology of Scotland." 
Lyell's " Antiquity of Man." 

* Ramsay's " Physical Geography and Geology of Great Britain," 
t Bdclus^ " The Earth and the Ocean." 



NOTE n. 

The following tables of Igneous and Aqueous rocks may render 
the text rather clearer to the student. It must, however, be observed 
that the classification of the Igneous rocks is to be regarded as only 
provisional ; for doubtless the researches now being carried on wiU 
add, before long, much to our knowledge of this veiy difficult sub- 
ject:— 



* All these authors attribute rather more power to gladers than I should 
be disposed to concede. 

f This work is, to some extent, parallel to Sir Charles Lyell's ** Principles," 
bat is of arKtbermom popular character, and is rather more '* Geograplu* 
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(I.) IGNEOUS. 



Oethoclasb Felspab. 



With Quarts. 



Without Quarts. 



Oliqoclasx. 



With or without 

Quarts 

(more commonly 

without). 



XtABKADOB. 



Without Quarts. 



Granite 
(with mica, some- 
times hornblende) 

Felstone 
(Quarts-Pelsite, 
and Fitohstone). 



Syenite 
(with hornblende) 



Folstone 
(some varieties). 



Diorite 
(with hornblende) 

Felspathite 

(=Porphyrite, or 

Porphyry of 

many authors. 

Usually more or 

less iron and a 

little hornblende) 



Gabbro 
(with diallage). 

Hy;persthenite 

(with hypers- 

thene). 

Diabase 

(with au^te and 

chlonte). 



u 

S 



Quarts-Trachyte. 



Sanidine- 
Trachyte. 



Andesite. 



Basalt 
(with its varieties, 

Dolerite, 
Anameaite, and 

Tachylite.) 






Probably Obsidian and Pumioo may be produced from 

all these species. 



(IL) AQUEOUS. 



Calcakkoits, 

or containing 

principally carbonate 

of lime. 


Aroillaceous, 

or containing 

principally silicate of 

alumina (clay). 


SlLICSOtJS, 

or containing 
principally silica. 




Limestones 
(with some Con- 
glomerates). 

Dolomites. 


Clay 

(with most earths, 

loam and marls). 

Shalos. 


Flint (with Ohert). 

Sand, Sandstone, Grit 
(with many gravels 
and eonglomerates). 


* 

1 


Manj Crjrstalline 
lamestones. 


Slate and Homstone, 
Mica Schist,* Gneiss. 


Quartsite. 


6 

6 

1 



* £ome Boiiists, however, may cacao from rocks with a considerable 
quantity of lime; and others^ as well as some limestones, may have had 
much sand (generally fine) muced with the original rock. 
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NOTE III.— ARTESIAN WELLS. 

These wells, which, since the improvement of boring tools, have 
become of great importance in the water supply of many districts, 
are possible under the following circumstances : — 

Supposing that we have a stratum which allows water to pass 
easily, bent into a basin-like shape and included between two omers 
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which are not porous, as in the annexed diagram, where o D, a 
sand, suppose, is included between a b, and B F, clays, suppose ; 
the water then which falls upon the district where o D crops out, 
will make its way downward^ and wiU saturate the lower part of 
the rock to a height, perhaps, above the level 'of the bottom of the 
valley in E f. If, then, a hole be made through B F, and a pipe 
introduced at (1), the pressure of the water in o D will drive the 
fluid up into the pipe, and may even make it overflow. It wHl, of 
conrsie, rise until the weight of the column of water in the bore- 
hole balances the pressure of the accumulated water in the saturated 
Ftratimi. The same effect will be produced when the strata are 
not basin-shaped, but are bent into an ordinary syuclinal, and 
sometimes when the strata are only dipping downwards in the 
usual way. In fact, the water meets Avith resistance in making 
its way along underground ; and as, however porous the rock may be, 
there must be some, it will rise in the bore-hole until the weight of 
the column of water therein is equal to the resistance of the rock ; 
or, in other words, so long as the water can be more easily lifted 
up the tube than pushed onwards through the rock by that which 
is pressing it from behind. 

Artesian wells obtain their name from Artois, in France, where 
they were first used. London derives a portion of its water supply 
From the porous beds which are at the base of the Tertiary forma- 
tion. These crop out on either side of the syndinal of the Thames 
valley ; they are overlaid by the impenetrable London clay, and 
rest upon the chalk, which, though pervious to water, is far less so 
than the loose sandy Lower Tertiaries. The deepest weUs are from 
450 to 550 feet deep, and the water travels from 15 to 25 miles 
underground. Cambridge derives much of its water from sandy 
Neocomian beds, which are covered up by the Gault, a clay, and 
rest (probably) upon Eimeridge Clay. Some of the largest Artesian 
wells that have as yet been made are at Paris. That of Grenelle is 
] ,798 feet deep ; it derives its water from the Lower Greensands of 
(;hampagne, which travels 100 miles before it thus reaches the sur- 
face ; and that at Passy is 1,923 feet. This (which derives its supply 
from the same sources, and is 86 feet above the Seine) dischso'ges 
8^ millions of gallons daily-— enough to supply a town of more t^m 
100,000 inhabitants. Still larger wells are now being smik in that 
neighbourhood ; one of which (nearly completed) is expected to be 
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about 2,800 feet deep, and the bore-hole is more than 4 feet in 
diameter. (Prestwich's Presidential Address to Geological Society, 
1872.) An Artesian well at Louisville, in Kentucky, is 2,086 feet 
deep, forces the water to a height of 170 feet above the mouth ; 
and another at St. Louis, on the Missouri, even exceeds 2,600 feet 
in depth. (R^clus' " The Earth," p. 267.) 

NOTE rV.— TABLE OF BRITISH FOSSILIFEROUS 

STRATA. 

B , Deposits in fresh water, rivers, lakes, bog^ &c. ; E., Deposits 
in brackish water, estuaries, &c. ; M., Deposits in the sea. These 
letters are only intended to give the general character of the 
deposits. 



Post Tertiary 



Kainozoic, or 
Tertiary 



Pleistocene 



Pliocene 



Miocene 



Eocene 



llkfesozoic, or Cretaceous 

Secondary 



Jurassic 



/"River Gravels, and various 
J Pre- historic Deposits (R) . 
) Glacial Drifts, Ac. (Probably 
(^ mostly M). 

("Norwich Crag (E), and 
i Red Crag (M). 
(Coralline Crag (M). 

(Beds in Mull, Antrim, and 
J Bovey (R). 
) ? Hempstead Beds (E and 
C M). 

^ Upper — Bembridge and Os- 
borne Beds (R E and M). 
Middle—Headon (R and E) 

and Bagshot Beds (M). 
Lower — London, Clay (M), 
Woolwich and Thanet 
Beds (E). 
/ Chalk (M). 
Upper Greensand (M), 
Gault (M). 
' Neocomian (Lower Green- 
sand (M) and Wealden 

(R)). 

Upper— Purbeck (R and E) 
and Portland Beds, Kim- 
meridge Clay (M). 

Middle — Coralline Oolite 
and Oxfoi-d Clav (M). 

Lower — Cornbrasn, Forest 
Marble, Great Oolite. 
Fuller's Earth, Inferior 
Oolite (M). 

lias — Upper, Middle (Marl- 
stone), and Lower (M). 
\ Rhaetic— (E or M). 
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Palffiozoic, or 
Primary 



Trias 
Permian 

Carboniferous 



Devonian and Old 
Bed Sandstone 

Silurian 



Cambrian 



Laurentian 



1 Upper— Keuper (R ?), 
Middle—? 
Lower— Bunter (R?). 

Bed Marl (?) 

Ma^esian Limestone (M). 

Bed Marl, Breccias, dec. (B ?) 

Coal Measures (B). 
Millstone Grit (B). 
Yoredale Beds — local (M). 
Carboniferous Limestone 
(M). 



Upper 
mddli 



3r 
idle 
Lower 



}Devonia] 
O. B. S. 



Devonian (M). 
(B?). 



Upper— Ludlow, Wenlock, 
Upper Llandovery (M). 

Lower — ^Lower Llandovery, 
Caradoc or Bala, Llan- 
deilo, Tremadoc Slates, 
Lingula Flags (M). 

Menevian (M). 
Harlech (M. 

? Hebridean Gneiss, &c. 



THE END* 
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